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ABSTRACT 


There Ts often a Tequirement for long-life, pingers 
associated with bottom-mounted or moored underwater equipment. 
AeeoOne-1ite battery for Helle one-quarter watt pingers 1s 
described. Life tests and construction details are presented. 
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Introduction 


For the past ten years the Tides and Currents Section 
of the “Institute oP Ocean Scrences has ‘used pingers to. assist, in 
locating various instrument packages. We often install pingers 
with diver-serviced equipment, and since Pisces IV has been avail- 
able “Co “recover equipment in depths “less “than “2000. 'm, “our ‘current 
meter moorings have been equipped with pingers. After trying a 
variety of commercial pingers and batteries, we have developed our 
own battery pack which we use with Helle one-quarter watt pingers. 
These have been yiiered to (ail of our pop-up modrings and to many 
diver-serviced installations over the past two years, with no 
failures: 


Typical pingerwusevand characteristic's 


A pinger fitted to a diver-serviced instrument package 
1S "Ot pene ae rege cCOnVervencey parncicularly vat’ ‘locations away from 
thew@anwonve vor Where Vas lOgmenty as poor. "Once within range, "the 
divers can swim directly to the instrument package guided by a 
Submersible pinger receiver, (The pinger is usyally treated only 
as an “ard “to locatron = some otter method of location being pro- 
vided in “Case ‘of “pinger farlure. “When the ‘equipment has been 
MOVCO Lon its orreinal sree by vee. frshing nets, ete... (a Ding er 
PemOrLel INGisvenoable to success un LTecovery . 


A pinger attached to a pop-up mooring employing some 
Poet alcwror Teledce, Camipe ins trimencal "to. the Success ot 
alternate recovery, attempts “should “the “release fail to function. 
Contirmation "or “tre presence and location of the *array ‘Can “lead 
to recovery by dragging. A submersible can home in on the array 
Oc cut it tree. Long wate 2s Ot great importance, im the  secand 
casey ae so CVeulline the Submersible and support Vessel can require 
as much as one yoar of lead time. 


A ping rate of approximately one pulse per second has 
been found to be convenient for location by divers or submers- 
ible? Ping rates nuch slower thar this ‘require -a steady platitorm 
when using narrow beam locators. 


The typical range of a one-quarter watt pinger in a 
Scuba operation, our most common usage, is two kilometres in 
calm conartrons Using “a Helle model 6270 “diver pinger (receiver. 
Similar ranges have been found by Pisces IV during the recovery 
Or Corey e here r "ai ays. 


Battery connection and mechanical configuration 


The most common connection between pinger and battery 
is a threaded stud, the negative terminal, protruding from a 
flat insulating surface of the battery ...the connection .13,madee 
pressure proof by an O-ring seal surrounding the threaded insert 
in the pinger. The positive battery connection is normally com- 
pleted by immersion in sea water - an electrode being fitted to 
both pinger and battery. Corrosion problems, can se yer190us .in 
these sea-water returns in long term installations. 


Corrosion can be eliminated by using fully enclosed 
connections, but the only suitable commercial units that we know 
of with this configuration, have a much reduced pressure tolerance: 
Another method of enclosing the connections is to Sé€al the pinger 
and batteries into an oil-filled container. This arrangement .can 
cause considerable reductionin the useful range as the acoustic 
signal is not radiated coherently from the container. Differing 
path, lengths. through. .the..oi1 and .batteries .to ,the .container walis 
result in phase differences between the signals radiated from the 
different parts of sthe container, Lhis,.type: of signal imparts: 
the performance of direction sensors using phase comparison. 


A problem frequently encountered in using commercial 
pinger/battery combinations is the complete lack of provisions for 
attachment. Cages or brackets, must be made to suit .each appli- 
cata Om, As almost all of our applications involve some sort of 
mooring line and float arrangement, provision for attachment was 
made by incorporating into our battery packs a steel link which 
is capable of bearing full mooring tension. This arrangement 
allows the units tobe inserted .almost, anywhere, .in.a mooring line 
without interfering with other equipment or instruments. 


Corrosion in a sea-water return 


The corrosion of the sea-water return electrodes was 
found only in long-term applications. Galvanically accelerated 
corrosion occurs at the positive electrode, .in ,the: sea-wat er per 
turn. The material most commonly used for these electrodes is 
stainless. steel ,alloy..316....0ur first ,.experience, with senious 
electrode corrosion was in using a commercial one-year pinger and 
battery. This was a one watt unit with the sea water battery 
electrode being negative. Corrosion of the pinger electrode .al- 
lowed water to reach the electronics. The manufacturer attributed 
the cause to a poor batch of electrode material. 


We have used a number of Helle one-quarter watt units 
and three month batteries with no failures although we did notice 
some corrosion of the battery electrode - in this case the pos- 
itive electrode. 


r Paces 1. 


Mesotech one year battery 
electrode after four months 
exposure. 


Corrosmonmcan be sienitiicantly reduced by directly 
connecting “thevexternal electrodes! withna stainlessbsteelbist rap; 
but the success of this varies considerably with the water: prop- 
erties at the site. 


In 1976 we built some onemyéar ‘batteries «for tHelhe,one- 
quarter yWattepingers .».~Theseewere, fitted. with,battery, electrodes 
CONSIiSPING. Ota a. 5hOnStainiesse,~steel,studiprotruding. throughethe 
epoxy, battery, potting, compound.,«:These);were,usedysuccessfully, for 
twelve;months, ateone locationvtheniwerebtriedsatvanotherslocation 
whereycorrosSionsof theibattery, electrode. caused, failuresingas 
little as three months. As a short term meaSure, we tried a 
staintess*steel capiwhich’screwed onto»thesbatteryyeléectrode and 
sealed with an O-ring against the battery face. This arrangement 
eliminated much of the crevice corrosion at the joint between 
electroaodesand* the|pottings compounds iThe,staindessgsteel! caps 
proved satisfactory for periods approaching one year but corrosion 
Still@rémained, a. probtenm,afseeyRlatee2). 


Two solutions to this problem were suggested by J. G. 
Moores of Defence Research Establishment Pacific. One was to fit 
a,zinc, anode to, thes positive,terminal. .This,proved satisfactory 
for shorter deployments but we were concerned about the difficul- 
ty of maintaining the anode in good contact with the connection 
stud for long periods. The solution adopted was a positive 
electrode of an alloy of lead containing 2% silver by weight. 


Plate 2.:' Stainless steel battery electrode, with 
COSTER) Seal: after one year. 


These electrodes thread onto the connection stud and seal against 
the battery face with an O-ring: We have had these-electrodes jin 
service now for periods up to two years. After,initial formation 
of Vead oxide at theelectrode surface, very, littdes change,in) the 
ebéctno deitakeseplaed with timex 


Long life battery pack and.test results 


Plate 3 shows the two year battery pack constructed at 
ouri’workshop:‘with Helle pinger andilead/silver electrode:, The 
steelobinkeatound whichsthe jbeatteryoisy built ise¢60dcentamet mes 
in overalleléngthoadfttwo céitinetreeudiameteronildy steel» zound 
barv’?Thiseprovadesmangiaxdaloload capacity, of, fivensonsapatdedd-s 
lowance «for corrosion and. absevsetiveseto, support a Suatdnrang 
which helps, to sprotectisethe, painger from accidental, damages. . mour- 
teeniabkaline i Dugee Lissaresapottedaaround, the) tink aingsdow, setting 
epoxy compound. 


During a two year experiment off the west coast of 
Vancouver Island, pinger battery voltage was measured at each 
mooring *sSérvecers .Sixteenodatteriesowereéi.testediwithedeployment 


Piate.a3. 


Battery pack built at 
whe Hin stit utero Ocean 
Sciences with Helle 
pinger and lead/silver 
elem. TOde., 


times varying from Ssix.to.twenty-five months due to changes in the 
number of moorings deployed. No compensation was made for vari- 
ation in’ ping’ rate’ betweén*the*individual units! !The singers used 
were Helle one-quarter watt units; frequency 27 KHz * 2%, ping 
rate 0.7 sec7! # 20%, pulse length 8 msec * 20%, voltage range 


12 - 25 VDC, normal voltage 22.5 VDC, average’ current’ drain 0.5 mA. 


and working depth 610 nm. 


Sattery'di felis ‘aS tompromisevbetweenvbattery sinze, spower 
output and ping rage’ -* Larger aicreaseskin powertoutpubsare xne- 
quired to” increase? Signi fitantlyithe- effective yrange zofvakpnnger} 
particularily’ at nigher rrequenei est 


The discharge data shown in Figure 1 demonstrate that 
the battery pack’ we?/construct has°a life weidfan excesssof two 
years when operated at our local average sea\ temperature. of 8 C. 
This would’ be reduced’ somewhat at» lower: temperatures. 


> 


BATTERY VOLTAGE 


0) 4 8 iz 16 20 24 
MONTHS OF OPERATION 


Figure 1. Battery vyoltage versiis time. 


Construction method 


The battery is cast around the steel link in a two 
pour vacuum process. The outside dimensions are shown in 
Figure 2. 


The steel link is clamped into a wooden jig and the 
plastic mold bottom with the connection studs installed is sealed 
to the link with caulking compound (see Plate 4). The guard ring 
must be aligned with» the pinger connection stud...A shallow circ- 
ular mold consisting of a one-inch length of five-inch inside 
diameter PVC pipe is sealed to the mold bottom concentric with the 
link. . This ‘mold is then filled with potting compound to-cover the 
connection studs. Parting agent must not be used as a leak free 
bond is necessary between this compound and that to be added later 
around the battery. The assembly is placed under vacuum to elin- 
inate air bubbles in the compound. After the compound has been 
allowed to cure, the PVC mold is removed, leaving a short cyclinder 
of compound covering the terminals as shown in Plate 5. Fourteen 
alkaline "D" cells are placed around the link as shown ine? late 6; 


2 cm chain links welded to main bar 


wl 


guard ring —1.25 cm round rod 
welded to main bar 


Helle % watt pinger 22.5 volt 


positive battery electrode 
silver lead alloy 


oa 
° 
3 
Le battery pack —14"D" cells 
3 potted in slow setting epoxy 
main through bar 2 cm round rod 
length to suit links for correct 
overall length 
NO 
oO 
(a) 
3 
ragure’ 2. 


Side view of battery pack with pinger 
Iinstaliec. 


Plate 4. Pater Ss 
Link and mold bottom mounted bank rod and! potted ‘connec- 
on assembly jig. Zions ready £G receive the 
battery. 


then an aluminum mold is fitted over the battery and electrodes 
and sealed against the mold bottom with caulking compound. The 
cells must be well,clear ef the/moldywalland link and: must be 
secured from moving while the mold is filled with potting: com- 
pound (see Plate 7). The potting compound used cures in several 
days, the slow setting being necessary to avoid internal ‘heat 
buildup which can damage the eebls..j/As an, economy meas uneirthe 
compound around the battery is extended with 3M glass micro=- 
balloons .in.the amount )}of 40% of, the-<total..volume..fol alaminate 
air bubbles, the assembly is again placed under vacuum. A vacuum 
chamber for this purpose was-consitruated.of heavy wall) plasmic 
pipe (see Plate, 8)... A oheam lid allows,.a. visuakh, check of) Dubble s 
rising to the surface’ of the compound. 


clockwise from left 


a Pe Ty a SP Vs 
Battery “arrangement ,around ‘link. 


PVates 7h 
Mold in place ready to receive 
potting compound. 


PASTE 5, 

Vacuum system with battery as- 
sembly ready for de-gassing. 
(scale in feet and tenths) 
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We build the batteries in batches of five. Approx- 
imately one man-day is taken for each batch of five over a period 
of One week. 


Conciusion 


Corrosion of the positive €iéettrode in a pinger battery 
sea-water return can be all but eliminated by using a positive 
electrode of an alloy of lead containing 2% silver by weight. 
Tests show that the batteries we construct for Helle one-quarter 
watt pingers have an endurance in excess of two years at local 
sea temperature. 
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ABSTRACT 


This work describes a numerical procedure based on Newton's method for 
estimating the depth of the wind mixed layer from observed temperature or 
density profiles. A brief discussion is given on the convergence of this 
iterative technique for cases not guaranteed by Taylor's theorem. Finally, 


the main subroutine, the input parameters of the computer program, and some 
examples are presented. 
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Le Introduction 


This note describes a methodology for fitting to data three lines whose 
intersections are not known a prtort. Although easily generalized to any 
number of segments and/or to curvilinear segments, it was found that three 
linear segments were sufficient for estimating the depth of the wind mixed 
layer (WML). 


The experimentally obtained profiles are truncated at a specified depth 
that depends on the season and three lines are fitted to the data from the 
surface to this prescribed depth. The upper (first) line is constrained to be 
parallel to the depth axis. In the program PROPLO.E (Profiles Plot, version E) 
emphasis is on the first line, since the second, the so called main thermo- 
cline or pycnocline and the third, the "deep layer'' are not of concern here. 


The processes governing the generation, permanence, and degeneration 
of the WML are not simple matters and will not be discussed in this paper. 
Those interested in these aspects are referred to Francis and Stommel (1953), 
Tabata et al. (1965), Denman (1973), and Elsberry and Garwood (1980), where 
other related references may also be found. 


This note also touches a new hybrid field between classical analysis 
and statistics named Stochastic Approximation, but a related discussion in 
depth is not presently intended, 


Here, the attention is focused on the specialized problem of fitting 
to data, in the customary least squares sense, three lines whose intersections 
are not known. The aims are: a) a brief exposition of the main concepts and 
b) a brief description and criticism of the computer program and subroutines 
so that other users may become familiar with their use. 


The statistically extended Newton-Taylor (SENT) method is based on 
the observation that the boundaries of validity of the Taylor series 
expansion, (Courant, 1970), may be extended to include cases in which the 
derivatives involved are not everywhere continuous. These cases arise in 
statistical problems, in which, the concept of convergence is not that of 
Cauchy, (Courant, 1970), but a generalized one called statistical or stochastic 
convergence. 


oe Related Techniques 


As far as we know, there are six other ways in which the depth of the 
WML could be estimated. 


a) The visual method which will always be the final judge. The program 
PROPLO.E presents on the cathode ray tube, for all the profiles, the 
points and the achieved lines so that the user will be able to ckeck and 


finally decide which values of the estimated WML depths are to be stored 
on file. 


b) The method used in oceanography which is based on identification of 
maximum curvature of the profiles. Problems arise with noisy profiles and 


c) 


d) 


e) 


f) 


when dealing with o, profiles not corrected for the effect caused by the 
difference in time constants of the temperature and conductivity sensors 
of the measuring instruments. These problems cause this method to depend 
heavily on (a). Thus the statistical problem of "objective" separation 
of populations is not faced "objectively." 


In spite of the above, this method is not to be abandoned because, if 
combined with smoothing processes, it is capable of generating good 
initial values for the iterative SENT method. Even the previously 
mentioned (in b) instrumental shortcoming could be used as a good 
indicator of the separation of layers. 


A category of methods based on a patent by Hough (1962) are widely used 
in the field of pattern recognition, cybernetics, artificial intelligence, 
and in the analysis of images from satellites. These methods by means of 
the original Hough transform, or of a generalization of it, (Shapiro, 
1978), substitute the problem of curve fitting with a problem of cluster- 
ing. Theoretically, they are of great importance; however in oceanography, 
as far as we know, they are not yet widely used. 


These methods appear to require greater computational effort than the 
SENT method, In the SENT method the structure of clusters is faced in a 
straightforward manner. 


The combinatorial methods (Caperon et al., 1968; Hudson, 1966). In the 
case of the three line fit (3LF) the combinatorial methods will try all 
possible combinations. The variances of the fits are compared and finally 
the combination with the minimum variance is chosen. Such methods became 
popular as the first computers appeared, but lost favour when continuous 
recording oceanographic instruments were put in wide usage. Even with 

the present computers these methods become increasingly impractical as 
the number of data points increases. 


The theoretical importance however of the combinatorial methods remains 
unshaken. The most effective theoretical proof of the existence of a 
global minimum that the SENT method requires is based on combinatorial 
considerations. Also, these methods could give very good initial values, 
if combined with a proper scheme of reducing the number of data points 
either by sampling (decimating) or by grouping and averaging. 


The sequential methods. Here, starting from the surface, lines are fitted 
until a depth in which a prescribed relative threshold in the sum of the 
squared residuals (SSR) of the fit is surpassed. There is some arbitrari- 
ness in the definition of the relative threshold which further depends on 
each individual profile. This method is used in the program PROPLO.E, as 
a last resort, if the SENT method fails because of various singularities 
in the formed system of normal equations. These singularities depend on 
the data and on the numerical errors and are well understood. The depths 
computed by the sequential method are thus only recommended. 


The methods based on the "spirit'' of Dynamic Programming (Bellman and 
Roth, 1969). The main contribution of Dynamic Programming is that the 
number of possible combinations is made to depend on the degree of required 


accuracy. Thus, even continua of data end up with a finite number of 
segment fits. Here we briefly note that the SENT method is a one-stage 
process only i.e. it does not need to estimate first one optimal line 
then two and finally three lines. Thus extra computational cost is 
avoided. 


A qualitative comparison of the computational cost between the various 
combinatorial techniques and the SENT method is given in Fig. 1. We have 
not conducted experiments to define these average curves for the Univac 
1106 computer, but there are qualitative indications suggesting that the 
critical point Nc is less than 15 and that for 169 data points, SENT is 
50-60 times faster. 


4. Newton's Method 


Let) us now. consider..a real’ function. of one real vartabile ~-and orek 
Paranetenss wile aE Ox.. Cys Cotmncs teu dae 


If the first partial derivatives of F according to the parameters 
exist and are continuous, the first order expansion of F, according to 
Taylor's theorem, is: 


pil kal Ole sip bODounes horny 0) 
where Hees apy?) (acy)') 
j=1 96 
RE PE a ps (DA? ervey 
oe F tied ies mae Ad Foe (ACj) C1] 
J=1\ 9Cj 


See Figure 2. 


It is assumed that the variable x will remain constant in any of its 
values. What we attempt to show is that by means of [1], from the value pe 
of F in position (0), we could reasonably approximate the value F if the 
change in position (in the parameter space) from (0) to (1) is small, the 
first derivatives in this interval exist and are continuous, and if we know 
them in position (0). 


We also consider the coordinates of the N experimentally obtained points 


(X35 Ys), i= elotAne. igN sand .the .ditferences, (residuals): 
tl) hao. {ah (1) (1 ! 
Ri tiie (Xi, Cy ry Oe ) pe ERT Ny cy | )-Y¥q C2) 
or “Via “LE } 


N 
) y 


Our aim is to select the corrections (AC; so that H = (B, 92 is 
i=1 

a minimum. In this way we hope to obtain successively better and better fit 

of the parametric function F with the data. (See Fig. 3.) 


Essentially, using this method, we have "linearized" a nonlinear 
problem in the parameters. The least squares problem arising from the condition 
H = minimum is linear in the corrections. Thus, starting with initial values 
or guesses: C(? ;? j = 1,k, we compute the optimal corrections: (AC;) (0 
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so that the new values: a = et 4 (ac,) ‘9? when put in the function F 


will give an improved representation of the data. 


We could stop the iteration if the maximum value of the set of relative 
corrections becomes less than a preassigned number, or if the sum of squared 
residuals of the fit starts to increase. This is certain to happen even for 
theoretically known convergent iterations, and in this case, it is due to 
rounding errors which are unavoidable in any actual computation. 


5. Application of the SENT Method 


Newton's method requires continuity in the derivatives of F with respect 
to its variables and parameters. This is not satisfied if the function F is 
a sequence of line segments. Thus, it was thought that this method could not 
resolve the problem of three line fit. 


As we will see, even in the case of discontinuity in the derivatives 
of F, Newton's method can be applied provided that certain statistical condi- 
tions are fulfilled. Because of this we called our method "Statistically 
Extended Newton-Taylor" method also giving credit to Taylor. For the three 
line fit, first we have to construct the function F according to the constraints 
of the given problem. If for example no other constraints are imposed except 
continuity and single valuedness of F, the function F will be given as in 
Table A (see also Fig. 4), and its partial derivatives as in Table B. 


TABLE A: THE FUNCTION F: 


Pe fyrisres whiere; 


S(x-A)+B, for {x <A} 
a) f= 
O ge FOr {x>A } 
On toss, {xsac} 
b) c (Q-B)x+BP-AQ , for {A<x<¢P } 
mi P-A 


O78 Eor {x>P } 


CO de hg {x<P} 
oS) fr= 


T (x-P)+0O, for ‘fx2P} 


ey 
JA 


oF 
dB 


oF 


oF 
dT 


TABLE B: 


O% £Or 
ey for 
L Dit Bae FOL 
P-A 
O, for 
oF for 
™ (B-6) (x-A) ’ 
(P-A) 2 
-T, fox 
Oy for 
by x-A for 
P-A’ 
Ly £ Ox 
OF foxv 
Kae. for 


THE DERIVATIVES OF F: 


{A<x<P } 


{A<x<P} 


{x>P} 


{x<A} 


for {A<x<P} 


(ae> P-} 


{x<A} 


{A<x<P} 


{x>P } 


We thus have six free parameters to estimate: S, A, B, P, Q, T, where 
(A,B), (P,Q) are the intersection points, and S,T, slopes. Note that z (depth) 
corresponds to x, t (temperature for example) corresponds to F and the slope 
dt/dz of the uppermost layer corresponds to S. The slope of the thermocline 
can be inferred; the slope of the deeper layer corresponds here to T. For 
S = 0 there are only five parameters to be estimated. The appropriate F and 
its derivatives could be obtained from Tables A and B by an easily performed 
modification. This case is realized by the subroutine FSZ3LF (First Slope 
Zero, 3LF) dn Appendix fc 


After construction of F and its derivatives two major problems have to 
be faced: 1) the choice of initial values and 2) the convergence of the 
iterative scheme. These two problems are of course related; however, the 
problem of convergence appears to be the most important. 


Regarding the problem of choosing the initial values we must have 
assurances that the iteration will start in the neighborhood of the global 
minimum, or, in the neighborhood of any other desired local minimum. 


As indicated in part 3, we could use a number of methods for the 
estimation of good initial values. In the present form of the program PROPLO.E 
(Profiles Plot, version E), the subroutine WMLTLF calls the subroutine WINMIL, 
which by calling other subroutines prepares three different sets of initial 
values. These sets come from the estimation of the first five, in absolute 
order, extrema of d*F/dx* (or d*t/dz*). Actually only the points (A,B) and 
(P,Q) are computed. The initial values for the slope T is estimated in the 
main subroutine FSZ3LF. 


All three sets of initial values are tried, the results are stored and 
the set with the minimum sum of squared residuals of fit is chosen. With a 
minimal change in the program, one could be able to choose either of the 
remaining two sets of secondary minima. These, by assumption, will correspond 
to main transient layers. 


6. Convergence 


As can be verified from Table B, the derivatives 3F/3S, 3F/9B, 3F/3Q, 
and dF/dT, are continuous in the domain fnin{Y,}, max{Y4}], $09 ee ee 
for all the possible values of x, A, and P. If we consider the data ea Y.2) 
ordered in x, the domain of values for x, A and P can be defined as: [X1, yj - 
In this domain the derivative 3F/dA is not continuous at the position A 
and the derivative 3F/3P is not continuous at the position P = x. Given 
that x enters in the computation as a set of N discrete values X., problems 
will be generated, especially when the optima,A, and P,,happen to coincide 
with one of these abscissae. 


= xX, 


* 


Below we try to express the significance of the requirement for 
continuity in dF/3A and 3F/9dP. 


As we mentioned in part 4, [1] helps us predict the value of F in 
position (1) from position (0). If we make a wrong prediction [3] may give 
for some "not favorable" cases a difference R, bigger than the actual, or for 
some other "favorable" cases a difference R, smaller than the expected. 


These then will be "outliers" among the rest of the R; differences and thus 
spoil the average optimal correction as computed by the system of normal 
equations. 


In Fig. 5 we present a "wrong" and "not favorable" prediction. In 
Fig. 6 a "wrong" and "favorable". In both pictures the sign * refers to 
derivatives from the right of A, and the sign refers to derivatives from 
the left of A. 


In Fig. 7 we try to show that due to the discontinuity of the derivative 
in position A, we will make wrong predictions, say, to the right of A, not 
only predicting from A, but also from any other position in the interval 
[A-aa, A]. 


In order to face the problem of wrong predictions we have three main 
alternatives: 1) to be informed where the above phenomena occur and avoid 
predictions from the corresponding positions. Doing this, we lose some 
wrong predictions, which is desired, but we will not have N predictions in 
each iteration. This will reflect as a loss in the confidence of our 
estimate. 2) Modify the function so that in the interval (A-AA, Ate), where 
e << AA, the derivative appears average in a sense, and continuous. 3) Make 
the interval AA as small as possible. 


If the optimum, A, ,happens to coincide with one of X; then policy 3 will 
not work. The reason is that A, is the outcome of the limit AA>0. However, 
depending on the number and the magnitude of the wrong prediction it is 
possible even in this case to have a good approximation. 


In the subroutine FSZ3LF, we force NOPI (Number of Permissible Iterations) 
iterations and we pick up the one which achieved the minimum total sum of 
squared residuals (SSR). 


The above can be justified as follows: 


pees: Xi i=1, 2, ..., N, and the number and magnitude of wrong 
predictions are not great in comparison with the correct ones, eventually, 
each step of the iterative process will lead to smaller and smaller AA 
eliminating at the end the number of wrong predictions. In this case, the 
wrong and not favorable predictions may be called "indifferent" as they do 
not affect the limit. 


The importance of good initial values is again apparent here. But 
this is not the only problem. We are in the area of global minimum. The 
direction towards the minimum is in question. The confusion in the direction 
can not be overcome if the optimum, A, ,happens to coincide with one of X;, 
for example the Xx. 


Independent of how small AA becomes, and of how the rest of Ry will 
tend to zero, the difference Ry may have such a magnitude as to make the 
new optimum AA greater than the previous one; then, the same forces that 
gave the previous smaller AA may take over again. Thus, instead of convergence 
we will have oscillations; and these oscillations occur not because of the 
rounding errors but because of the discontinuity in the derivative d3F/3A. 
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What has just been described constitutes a limiting circle of accuracy. 
Depending on the data and on the form of F, this circle may have a diameter 
less than the average experimental error. In the program, the preassigned 
accuracy is purposely put to be higher than the experimental. If we do not 
have a normal return complying with this accuracy, we still could have a 
reasonable approximation by picking up the iteration which most closely 
approached the limit. An analogue to this is the concept of "practical 
stability" described by La Salle and Lefschetz (1961, p 121). 


For example, if in the data of Fig. 10 we introduce the "outlier" 
(t = -0.72, Si03 = 188) and use the unconstrained version of having six free 
parameters for estimation, we have as outcome the values: S, = 41.2153, 
A, = 0.0479, 5B. = T16. 906s = 0.7193, Oeil 2840 and) Tl, = -66 7 1egaieate 
that the potential temperature corresponds to -x axis, and the Si03 corresponds 
to y axis). On the other hand, via the combinatorial method, we receive the 
correct .anawer;,.S, S41] 213) Avast arO0487 . Bs bed LS 92 Ao he (Si- Onde 2G ess 
111.1393 and 2. Zo-69./956u.Here the value Bobet os -0.72°C causes the problem. 
Around the above SENT solution, which happened at the the 13th iteration, the 
average relative correction of the most poorly estimated parameter was 7%. The 
initially imposed relative accuracy was 10s ae which physically is not a 
realistic value, and the permissible iterations were 50. 


The number of data points was 170 and for the 50 iterations, the CPU 
time was 22.36 seconds. For the combinatorial, the same time was 185.27 
seconds. These times do not include the time spent for ordering the data (in 
x). This of course is one of the worst cases for the SENT method, but still 
it was eight times faster than the combinatorial method. The values from the 
SENT method correspond to a SSR = 10445.118 squared silicate units while the 
correct values from the combinatorial to a SSR = 10440.756. Hence the 
combinatorial was only 0.04% better. We note also that the SENT method, 
starting with SSR = 14184.067, had already achieved SSR = 10469.658 in the 
7th iteration. 


The fit in Fig. 10 does not include the previous outlier. Both methods 
give practically identical results as their disagreement in the estimation of 
the parameters starts at the fourth digit after the decimal point. These 
values aye cSy eu42 al lGl, gh vee 0O146, Bae TL 767452532 5. 790 b28 yl Qa 
115.1726, T, = 45.5904. The SSR of the fit is: .,4045.0.,, The method SENT 
achieved the limit in 1l iterations consuming 2.626 seconds of CPU time. The 
combinatorial took 186.948 seconds. These times include ordering the data 
and preparation of the plot file. Notwithstanding the differences in the two 
programs, and the fact that both could be further optimized, we could safely 
conjecture that for 169 data points the SENT method is 50-60 times faster 
than the combinatorial. 


Ending the previous account, we could add that the mean correction 
around the most successful iteration could serve as an indication of the 
Statistical ratio of the magnitude of the wrong predictions to the magnitude 
of the total correct predictions. As such, this ratio may characterize the 
quality of convergence. 


Regarding the policy followed in case that the optimum,A,, or P,, or 
both happen to coincide with one of the abscissae Xi, one of the first two 


cme 


earlier mentioned alternatives is recommended. 


In our program we follow a different policy. The subroutine WINMIL calls 
subroutine TRIDAP which by linear interpolation triplicates the original data 
points. This is not good mathematics, if the assumptions about the interpolation 
and sampling schemes are not explicitly given. We believe however that the 
introduced numerical deviation is covered by the experimental errors. In 
addition to this, we would like to have a test of the hypotheses about 
stochastic convergence, and a proof of the fact that: the more data points, 
the better the method SENT works. 


A safer and more elegant way would be to take notice of the coincidence 
of A, or P, or both with one of Xj and call another subroutine which will 
realize the solution of the corresponding constrained problem. This is 
currently in preparation. 
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Appendix I 


The Subroutine FSZ3LF and the program PROPLO.E 


The Subroutine FSZ3LF. 


Input Parameters: 


RELACC: Relative Accuracy 

NOPI: Number of permissible iterations 

IWRITE=1 if the outcome of every iteration is required 

EP: As input it contains the initial values in the order: 
EP(2)=A, EP(3)=B, EP(4)=P, EP(5)=Q 

NDP: Number of Data Points 

X: The x coordinates of the NDP Points 

Y: The y coordinates of the NDP Points 


Output Parameters 


EP; and, S,A,B,P,Q,T: in the correspondence: 

EP(1)=S, EP(2)=A, EP(3)=B, EP(4)=P, EP(5)=Q, EP(6)=T 

SSR: Sum of Squared Residuals of the fit 

ISING: Type of singularity from subroutine LEQTIP of 

IMSL Library (IMSL, 1979). 

*:; Return to this labelled statement if singularity occurs 


The Subroutine FSZ3LF Needs the Following 6 Subroutines: 


a) LIFISS to compute the initial slope T 
b) FINKNO to find the point of intersection of two lines 
c) LERIND to find the index LINX of the closest point left 
to A and the index NINX of the closest point to the right of P 
d) FSZDER to prepare the coefficients of the normal equations. It 


contains the partial derivatives of F. The function F is contained 


in the following subroutine FUNCVA which is called by FSZDER. 
e) FUNCVA it computes the values of function F for each index I. 
f) LEQTIP it solves the systems of normal equations and it is 

given.and described in the I.M.S. Library; (1sM.S.L.; 1979). 


The Subroutines FSZ3LF, LIFISS, FINKNO, LERIND, FSZDER, and FUNCVA: 
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JEPSUB (1) «F SZ3LF 


C 


SUBROUTINE FSZ3LF (RELACC*+NOPI + IWRITE®PEP eSSRe ISING? &) 
UIMENSION EP(6) eUJI (7) 0 UC (15) -CC(5) »CP(6) 

COMMON /ULAPO/ NDP»exX(1000)*°Y(1000) 

COMMON /PAVA/ SeArtePeQel 

COMMON /LRINUX/ LINXeNINX 


iIF(IWRITE eEGe 1) WRITE (69664) 


664 FORMAT(///02Xe'Fe Se Zee THREE LINE. BEST LEAST SQUARES FIT'/» 


1 


ba 


5X *DIFFERENTIAL CORRECTION METHOD. '+/) 
IF(CIWRITE eEGe 1) WRITE (O*666) 
FORMAT (C&X**DATA FOINTSS (CXIT+ YI) Yeo 9Xe PL oe 4Xo* XL te SXeo VI" /) 
IF(IWRITE eEQ@.e 1) WRITE(60667) (1oX(1)*+Y¥(I)»T=i1+NDP) 


FORMAT (1X*#1992F 722) 
EPCL)) = “Ue 

CP(1) = 0.000 

ISING = U 

KYKLOI = 0 


FOIA I IORI IORI OOK ORK OR GOR OI IIR kak a ak 


* 


KYKEOLL= WKY KO Det a1 
NR us sKYKLOL = 1 


EP (1) 

EP (2) 

EP (3) 

EP (4) 

EP (5) 

= EP (6) 

HBEARYELOT «NEs 1) GO, TO Da 

CALL LERIND(NDP®AeArPeLINX oe WINX) 
CALL LIFISS(NINX*+ NOP? Xe YeAAe T+ SSD) 
EP (6h) -S68 

BSA = B-S*A 

QTP = Q=-T*P 

CALL FINKNO(BSA6®SeQATPeT re TKXe TKY) 
SM = (Q@-B)/(P=-A) 

IF(CIWRITE eEGe 1) WRITE(O016) ArBrPeQoSoTKXeo TKY eo Te SM 
FORMAT (3x0 tINITIAL, VALUES. ' 7X02 A=9 op 13Ke * B=? o1 3X0 P=" 91 3Xe'Q=ts 
JolTXeGF1SeGe/eeXe*REST OF INe VAL eS te 7Xe *S=t ol aXe" TKX=" e011 Xe 

"TKY=" eo LUXe TH op Sol XeGF ise Ge/e25Xe*MIDOLE SLOPE: SM ="+F15.9) 
CONTINUE 


oaAcUuUaCryn 


IFMKYKLO] «GT. NOPI) GO FO & 
DOs ae aS 

COCK) = GeO 

CONTINUE 

DO 3 K=1lse 15 

VIGO De peer oD. oc) 

CONTINUE 


CALL LERIND(NDPeArArPeLINXeNINX) 
SSR OG 
* x x Ox 


* * * ks 
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VO 4 [ = 1eNDP 
CALL FSZDER(KINDe IT eDJUI e+ SING &992) 
SSR = SSh + BIL Cr 
KL = Q 
DO.4 IR =) eS 
CC(IR) = CEC(IR) + DUTCIRI D901 16) 
DO 4 J = 1islk 
KL it cee 
UC(KL) = UC(KL) + DJI CIR) *DJI (J) 
4 CONTINUE 
ee ee ee, Tee Se, ee, SU See, < 
46 FORMAT(2xe*INITIAL TOTAL SUM OF SQUARED DIFFERENCES= '9F15-9%//) 


IF (NPI -eEQe G) CSS = SSR 
TP UGSS. «its oatouseor Lae 
COC = CRAM 
CSS. = SSR 
POT sa. hed 
DO 47 KT=19°5 
Gi e Lp er ehetst,) 
47 CONTINUE 


KR ORK OK ORK OK KOK OK ORK RIOR OR 4K OR IOK 


CALL LEGTLP (UCelseSe COCs Se lDGTebTicdl] cIeR 
KEK ORR ORK KK RR ORK ORO OOK RIOR OR OK 


LF OPER ei wn BI 60 FO -3o5 


CRAM = G.000U 
979 eo wa ee To 
LF CER(KH1) «EOs 0.0) GO:.rO.5 
CURA lS aARS CCC CRAP lhe 1) } 
IF (CRAM ALT « £CGRAD CRAM =. CCRA 
TF (CRAM sb Tan REEACC IAGO FO 9 
5 CONTINUE 
DO &@ Kebes 
EP CKEL) SBP UR) te EGC) 
6 CONTINUE 
EP CL = 06.0 


TEMEWRIVE shes JITGO. 70" f 
WRITE (6°76) NPI *+CRAM+SSReKYKLOI + (EPCIKL) pIKL=196) 
7o FORMAT (2Xe*ITEReNOS e+ I3e" MAX.OF REL+¢ACCe. COEFe CORRe = '0F15.9r 
R ~* TOTAL SUM OF Soke = "OR15.97/7 2X TITER SNOS PELST CX SOF 1569) 
7 CONTINUE 


GO TO l 
1 RR A ROK OR ROR RR ROR ok OR ROK OK Kok ORK KR kk kok oko ROK kK OOK Kk ak kok dO 


8 CONTINUE 
WRITE (6061) 
ol FORMAT (2UX* "NUMBER OF PERMISSIBLE ITERATIONS EXHAUSTED ® ) 
SSR = C55 
NOPL = LO! 
RELACC = Co6Cg 
aS = CHL) 


oak 


ao 
= 


vie 


692 


je 


o9 


999 
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CP(2) 

CRS) 

CPR (4) 

CP (5) 

CP (6) 

BO Gib wKteLez5 

SP Ut 1iGg= CROKT+I) 

CONTINUE 

bSA = Be-Sx*A 

QTP = Q=-7T*P 

CALL FINKNO(ESA Se QTPe Te TKXo TKY) 

SM = (Q7-B)/ (PA) 

IF(IWRITE eEGe 1) WRITE(6*182) SeArBePe Qe Te+SMer TKXe TKY eCRAMe*P SSR 

FORMAT(IXe fESTIMATED VALUES? "6 7X *SH=%e13Xe "A= pL 3Xe* B= e13X-/' P=, 
L3AXe"Q=tolLaXe* TH" eS ol XvGFl6eIe/e2Xe*REST OF INe VAL es "0 7X 

"SMe TKXeOTKYS %r3F15e¢9e! MORACC=* 9 F 15.99"? SSR. = '6F15-90/) 
GO TO 999 


oc UT }& 
Mert te tt 


CONTINUE 

KELACC = CRAM 

WOPE SiKyKBO) x= 1 

IFCIWRITE eEG@e1) WRITE (6°91) NOPI 

FORMAT (/S// 920K 0 eee KKREEK NORMAL RETURN !! SOLUTION IN'¢ 15> 


' FULL ITERATIONS *#**et," ¢°) 
BSA = B-S*A 
QTP = Q-T+*P 


CALL FINKNO(BSA®SPQTPe Te FKXeTKY) 

SM = (Q=b)/ (PA) 

IF (IWRITE eEQe 1) WRITE(6282) SrArPBePr Qo Te SMe TKXe TKY eCRAMe* SSR 
GO TO 999 


CONTINUE 

ISING: =..2 

NOPI = KYKLOI 

wWRITE(60609) ISINGsNOPI 

WRITE (60692) SING 

FORMAT(1Xe "SINGULARITY AT A=P= '+F15.9) 
RETURN 1 

CONTINUE 

ISING = 3 

NOPI-S KYKLO! 

WRITE (6069) ISINGeNOPI 

FORMAT (/010Xe* SINGULARITY NOs *eI2e! AT ITERATION ¢ %eT3e%*%x!") 
RETURN 1 


CONTINUE 
KETURN 
END 
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JEPSUB C1) et. Pra 
c 
C 
SUBROUTINE LIFISS(IArI T+ X*#¥sArBXeSSD) 
DIMENSION X(2)°Y¥(2) 


AX=0.0 

AXY=0.'0 

AXX=0.0 

AKYSO./6 

AYN Se 

N=IT-IA+1 

OO 4VLSIAV TT 

AXZAX+X(]) 

AYIZAY+Y (1) 

AXX=AXX+X (1) #X(T) 

AX¥YSRKY+K (1) * VT) 

AN Tear rt Cle CL) 
1 CONTINUE 

AMIZAX/N 

YM=AY/N 

SXX=AXX—(CAX#AX) Zid 

SKXYZAKXY—(AX#AY) Jin 

SYYZ=AYY~(AY#AY) Zin 

IFUSXX SEOs’ ODOC) EO TO 2 

BX=SXY¥/SXX 

A=YM=-bX*XM 


SSD=SYY=bX#SKY 
GO TO 3 

oie WERE HL DESS 
SSL = 0.000 
ho= XM 

3. CONTINUE 


RETURN 
END 
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JEPSUE (i) eF INKNOU 
¢ 
SUBROUTINE FINKNOCAL®PRIrAeceRPor XK eo YK) 
i 
DUMaORL /] 182 
IF(DD eEGe 0-00) GO TO l 


Lee CAL eC Tes PeDEeS )- SANDS? UAL sits) 26 CE 23 ))) (GO TO ah 
AK hme Al 
We = ASIF Ba*xK 
Gy EO ¥2 
11 BeeGQCAS cele 120E23) -ANDs (Be) akTs Pe0E23)) GO WHO we 
XK, = AS 
YKi= Alms weblaxXe 
GO; [TO j2 
12 CONTINUE 


i= hese AT 
Ae (= ONS DE 
TRAITS A) 2 (BE XK 
GOING je 
1 AKI Sb. 0b 25 
KIS 1.0425 
2  CONTENUE 

KE TURIN 

&END 


Es 


JoPSUH (1) .-LERING 


* 
SUBROUTINE LERINUCNDPeXeAePeLINKe WINX) 
LIMENSION X(2) 
c 
LINK = 
WINK. = 0 
OO de 2st ee NDP 
XM AM TY 


LE OKs LE es AY Pia ee 
LPR Gl. PIP GOV 
1 CONPINVGE 
2 AROS FT 
CONTINUE 
Ke TUR 
ce ND 


ate 


JEPSUL (1) -FSZDER 
* 
SUBROUTINE FSZDERK(KINDe lL eOUL eS INGo x) 
COMMON /LAPO/ NOP *®X(1000) eY¥( 1000) 
COMMON /PAVA/S SoheiiePeQeT 
COMMON /LRINUX/Z LINX e NINX 
VIMENSION DJI(7) 


SING = 0.000U000U0 

XX Se HCD) 

PPac. - yattis 

XMA = XX—A 

XMP = XX=—P 

CALL FUNCVA(I+FVA) 
UJI(6) = YY = FVA 
DIT): = OVEF(6) €0JI (6) 


PPARs CC TRALEE Ol TO ae 
DJI(1) 0.0 

DIJI(2) 1.0 

UJI (3) OeOu 

DUI (4) 0-00 

bII5S) 0.00 

Goro g 


LF (I « GEIS NIWX ) oO TU 3] 
PMA = Pek 

JPAP SNEs Al GO FO ..99 
SaNGr=A4 A 

RETURN 1 

SQLECONT FAVS 

GMb = Ge 

PMAS = PMA*PMA 

DUtTatl } QMB*XMP/SPLIAS 
BedEt2) -XMP/ PMA 
DUInt3) —“QMB*XMA/PMAS 
DIJI(4) XMA SPA 
VUTCS) 0.06 

GO TO 9g 


he 


Cee we ye 


3. CONTINUE 


WakieCl)> = 6.06 
UJI(2) = 0-00 
DJI(3) = =f 
DIJI (4) = 1-0 
DJI(5) = XMP 

9 CONTINUE 


RE TURE 
END 
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JEPSUb (1) eFUNCVA 


C 


Cn 


SUBROUTINE FUNCVACI*F TI) 
COMMON /UAPO/ NDPe®K(1000) oe ¥(1000) 
COMMON /SPAVA/S SrheRePeQe I 


XX = XC) 

LPR eRe GO PC) 2 

IF tS sEGs a0 eU007 GO TO 6 
FP] Sr Oh ee ine 

GO TO 9 

IF URS sei? SO TO 3 

FI = ((Q=—B)¥AX + B*P-A*Q)/ (PA) 
GO FOS 

Flo SS TeOxxX=F) + «@ 

GU TO 9 

ae 

CONTINUE 

KE TURING 

END 


B 
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. __ About the parameters of the program PROPLO.E 


Sequential input cards: 
a) PESDE: A station of a depth less than PESDE metres will be ignored. 


b) LOPT: For linear depth scale, LOPT must be zero. 
DEPMX: The depth in metres below which the profiles are truncated. 
It also controls the divisions of y axis, and as such it is preferable 
to be a multiplier of 8. 
DSM: main despiking parameter 


c) IPLOVA: Indéx of desired variable: 
4 for temperature, 5 for sigma-t. 
TITLE], TITLE2: two lines of 40 characters each, below the 
assumed x axis. 


d) SCL: scale: 1 inch on the!actual plot paper corresponds to/1/SCL. 

OFST: x coordinate of y axis. 

SEP: Actual distance, in inches, separating the curves equals SEP*SCL. 

CAL: Value of reference for each curve. A cross is plotted 0.1 inches 
below the assumed X axis. 

DESPI: Despiking distance in inches. This local despiking parameter 

is activated for depths greater than DEPDE. 

DEPDE: The depth below which DFSPI is activated. 


e) NANSW: put .FALSE. for one set of curves. 


The Header A, the number of data points (NDP), and the data for depth, 
temperature, salinity and sigma-t are read from a stored file assigned to 
unit 9. The rest of the needed parameters have been set internally to 
proper values. 


Note that the program PROPLO.E has been based on an older program LOLI.P 
(Logarithmic or Linear Profile Plot) and could be further optimized. Also 
note that the above despiking measures as coming from LOLI.P are related 
to the plot only. 


The output of the program, via unit 8, consists of a file containing the 
number of processed stations, the header, and the estimated depth of the 
WML for each station. 


Comments 


a) In subroutine FSZ3LF the statements for the optional printing of the 
values of each iteration could be arranged in a better way. 


b) The variable: KIND in subroutine FSZDER is not in use. 
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Appendix II 


Examples 


A. Our Firsevexanple. Of) EnevSENtT method 


1) The following data were introduced to the Elliott 603 computer on the 
2nd of October, 1969 


: X, ¥, , a be , X, w 
Fo) ae cok ba os we + we ai 
i 6 3 bh “3 2h 21 212 9 
2 y 4 Lt 14 19 22 22 12 
3 8 6 13 14 20 23 24 1a 
4 8 8 14 14 21 24 23 LS 
= 10 ta 15 nes 18 aS Qa 15 
6 10 13 16 16 Li 26 28 13 
7 18 14 iA/ 7 16 Ze 30 Ly 
8 Ld dy 18 18 14 28 ai 18 
9 K3 18 19 20 EZ zg 32 20 

10 13 20 20 au Ea 30 34 22 


2) The performed iterations are given below: 
iteration; 0» -(initial values) 


S = 2.3295019 

A '=nb23545455 Bu= 7 172454545 

P = 20.636364 Qr= 13: 2828132 
hteration? |» it 

S = 2.5929649 

Al e001 S622 hE L2 B = 20.592937 

P = 22.418355 Q = 10.647487 

T = .84049359 SSR = 691.79370690 
Iteration: 02 

S = 2.5161291 

A = 13.274556 B = 20.515986 

P = 21.342886 QO = 10.655516 

T = .82326950 SSR = 55.20667952 


Iteration: 


Iteration: 


Iteration: 


Iteration: 


Lteration: 


Iteration: 


2enLOLZ90 
1 35¢3 29553 
AL, SI3252 
°87227415 


Ze 5161291 
13 1653.298.29,7 
21,.,333805 
~87227415 


2.5161290 
13 9326397 
21.333805 
-87227414 


HuPrN 
tou wou 


255161290 
1363283897 
214333805 
~87227415 


yupn 
tou uw ll 


7 (solution) 


Sx= 2.5161291 
Ax= 13.328397 


Pe= 21.333805 
Te= .87227414 
8 

SS 260 2L61290 
A = 13.328297 
P= 9) 21). 333805 
T = (487227415 


a 


B = 20.650312 

Q = 10.221360 
SSR = 30.27467436 

B = 20.647404 

Q = 10.221388 
SSR = 28.61537273 

B = 20.647404 

Q = 10.221388 
SSR = 28.61527133 

B = 20.647404 

Q = 10.221388 
SSR = 28.61527018 

Be= 20.647404 

Qe= 10.221388 
SSR* = 28.61527075 

B = 20.647404 

Q = 10.221388 
SSR = 28.61527075 


3) The graph of the data points, and of 
iteration 7, are given in Fig. 8. 


B. Some other examples. 


the achieved three lines in 


1) Part of the temperature profiles from cruise: 
79-12 (May 1979) are given in Fig. 9. 


C.0.D.E.: 


2) The data for Fig. 10 were taken from Carmack (1973; and personal 


communication). In his work, Carmack attempted to define the near bottom 
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structure adjacent to the Antarctic continent using a SiO, versus 0 
correlation diagram. Here, we use the SENT method in order to subdivide 
the cluster of the data into three optimum subclusters, structured as 
continuous line segments. This case was discussed in part 6. 


3) The data for the eight temperature profiles of part a), Fig. ll, 

come from Lake Erie and were given by Lam (1981). In the last profile 

the method fails and indicates a depth of 8 m, in which the first signifi- 
cant deviation from the first "transient mixed layer" occurs. In part b 
of Fig. 11, the same data have been treated combinatorially for the 
unconstrained case: S#0, which represents a more general 3-layered 
description of the lake. For a comparison, the respective "corners" in 
both parts of Fig. 11 have been joined by linear segments. These results 
compare satisfactorily with those obtained manually (Lam, 1981). 


4) Better agreement between the manually obtained and the computer output 
can be achieved 4 Gustead of ‘the difference Wie xe *take the distance dd, 
of the points from the function. The result will be a form of central 
axis of inertia which most probably the human eye follows. In addition, 
by taking the normals to the curve, the problem of having during the 
measurements both parameters X, and Y; in error is also taken into account. 
The basis of this idea could be attributed to K. Pearson (1901) \and it vis 
80 years old. 


If, however, the ratio of the unit lengths of the two axes changes, the 
normality is not preserved. But then, we suggest that even for the human 
eye, this constitutes a new picture. Thus, a new fit, or, any other 
computation of the corresponding transformations is fully justified. 


The program JEPPOP.H based on the combinatorial subroutine CACOTL already 
realizes the above. The results of application of this program are expected 
to be published soon. 
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Abstract 


Drogue and Ekman current meter records collected in the Queen Charlotte 
Sound - Hecate Strait - Dixon Entrance region during 1954 and 1955 are 
presented. An analysis of these data shows that both the mean and tidal 
currents possessed considerable vertical structure. Tidal currents were 
dominated by the semi-diurnal constituent which was strongly affected by 
bathymetry. Maximum average speeds were of order 30 cm/s while tidal streams 
exceeded 50 cm/s over the shallow banks east of the Queen Charlotte Islands. 
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Ty Introduction 


During the summers of 1954 and 1955 the now-defunct Pacific Oceanographic 
Group of the Fisheries Research Board of Canada at Nanaimo conducted a series 
of physical oceanographic sampling programs within the Queen Charlotte Sound - 
Hecate Strait - Dixon Entrance region. Included in the surveys were a number 
of fixed anchor stations where current measurements were obtained over 
durations of roughly two tidal cycles (Fig. 1). These current records are 
among the earliest collected on the British Columbia coast and the first obtained 
over the continental shelf. However, aside from progressive vector diagrams 
in Barber and Groll (1955), Barber (1957) and Dodimead (1980), no analysis of 
these data has yet been published. This is unfortunate since, in addition to 
their historical significance, the records provide a noteworthy contribution 
to present direct current observations within the inner shelf region and are 
the only data to allow delineation of the vertical current shear. 


The purpose of this report is to describe certain aspects of the circu- 
lation within the inner shelf region based on the 1954 - 1955 current observa- 
tions. Attention is given primarily to the mean currents and tidal currents 
with particular emphasis on the vertical structure. Owing to the short 
durations and limited spatial coverage of the current stations, results provide 
a basic insight only into the flow structure within the region. It becomes 
obvious when working with data of this type, that many recent advances in our 
understanding of oceanic processes would not have taken place without the 
advent of the modern in situ current meter. 


2. Data collection and analysis 
The data set 


The currents were measured at standard hydrographic depths from an anchored 
ship via Ekman current meters (Ekman, 1932) and crossed-vane surface drogues. 
Drogue measurements were limited to the upper 20 m depth while Ekman current 
meter measurements were taken to depths of up to 200 m (Table 1). 


Each anchor station was typically two tidal cycles (50 h) in length with 
current meter observations every hour or half-hour at standard hydrographic 
depths; for obvious reasons, data sets shorter than one tidal cycle will not 
be considered here. Drogue measurements were usually obtained more frequently 
than the current meter measurements but often contained intermittent record gaps 
of up to a few hours. (As the results indicate, the low accuracy of these data 
made it sometimes impossible to properly resolve the diurnal and semidiurnal 
tidal current constituents using the drogue observations.) In general, currents 
at the surface were from drift drogue measurements, those below this from 
current meter measurements. (The former were actually an average over the top 


1, metre corresponding to the length of the drogue.) 


The Ekman meters were lowered to a specified standard hydrographic depth, 
triggered, then allowed two to three minutes timed-operation before being stopped 
by a second messenger. A current meter profile from 10 to 100 m typically took 
about 30 minutes; similar times were required for deeper profiles as a result 
of omitting observations at one or more standard depths. The current drag 
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Table l. 

STATION 
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Current records from stations 46 and 60-61 were less than 12 hours duration. 


Locations, times and depths of current and drogue measurements 


during 1954-1955 surveys. 


C = H.M.C.S. Cedarwood; E= C.N.A.V. Ehkoli; and P = 


POSITION 

LAT LONG 
tees pe Nae | eR 
PO He Lah OL ee" 
36,3" ~ 13002358" 
TO'>5" O2n1S29 500 70 
Bot. eh 00 Ue U. 
40.0' 130° 40.0! 
ee ee 
5/p.17s't 2eZ8P 40456" 
See eign eer vA 
19% 7aer1 26° 27 20? 
Cie eel alee 
ADs Sloe. 2791 15287 


Last column identifies ship: 


TIME (PST) 


0935 
L129 


1524 
1658 


2114 
Zio 


0515 
1140 


iba! 
2158 


0130 
0446 


1130 
1440 


0815 
2224 


0806 
0719 


0830 
0844 


1406 
1640 


1446 
1534 


May 
May 


May 
May 


May 
May 


July 
July 


Augu 
Sept 


Sept 
Sept 


Sept 
Sept 


Sept 


sept. 


June 
June 


June 
June 


June 
June 


June 
June 


LS to 
2s 1954 


2ALtEO 
23 bet 


Z23NE0 
2 Sia GiSe 


Bf bis oie) 
19,1954 


st 30 to 
onlice DO 


HES 
Tose 


4, tO 
Oia bees 


7 “EO 
1 S954 


FO 
3, 31952 
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pt, W955 
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owl 95.9 


6 to 
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Ceo eh Ota LO aly 20 C 
O50 520) (10520530 60 C 
50 
0,10 20,30,50 183 G 
100,150 
0 10.220 330 80 E 
SOIR be) 
) EO 2a eo. SH ic 
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OT REBEO S200 8000068, cannO 
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observations were made via a crossed metal vane buoyed up with four-inch glass 
balls; each face of the vane had an area of 0.139 m2. Thirty metres of stray 
line was payed out and the current speed measured over 30 to 50 m of line 
depending on the strength of the current. Hourly wind observations taken 
onboard H.M.C.S. Cedarwood were from a height of 14 m above the waterline; 
those from C.N.A.V. Ehkoli and C.G.M.V. Parry were taken using a hand-held 
indicator at deck level. 


The wind and current data obtained during the 1954 and 1955 surveys are 
tabulated in two manuscript reports published by the Joint Committee on 
Oceanography in 1955 (Pacific Oceanographic Group, 1955a; 1955b). An example 
of the tabulated data is presented in Table 2. 


Methods of analysis 


To facilitate processing of the current and wind observations, the 
tabulated data were first key-punched onto cards then read onto 9-track tape. 
Each file contains the time (P.S.T.), depth (m), speed (cm/s) and direction 
(°T) of the current velocity vector at a given location. For the winds, speeds 
are in m/s and direction is toward which the wind is blowing (i.e. all vectors 
use oceanic convention). A second set of files contains hourly, linearly 
interpolated data derived from the raw data. 


A harmonic analysis program based on a least squares fitting technique 
(Foreman, 1975) was used to extract the mean (dc), diurnal and semidiurnal 
tidal current constituents from the original current records. Owing to 
the brevity of the observations, the derived time-varying quantities represent 
the "instantaneous" resultant values for species 1 and 2 tidal currents; it is 
assumed that these were dominated by the Kj and Mj constituents having effective 
frequencies of approximately 0.04 and 0.08 cph¥ respectively. The program 
determines the magnitudes of the major and minor axes of the diurnal and semi- 
diurnal tidal current ellipses, the orientation of the major axes measured 
counterclockwise from east, and the phase lag,g‘°’, of the constituent relative 
to 120° west longitude. Following the harmonic analysis, residual current 
records were obtained by subtracting the combined mean-tidal current constituents 
from the original data on a point-for-point basis. The percentage of current 
variance accounted for by the tidal current motions has also been determined. 


The vertical phase lags between all paits of depths for both east-west 
and north-south components have been determined using the hourly interpolated 
raw data records. Lags are at hourly increments to a maximum of + 13 hours. 
However, because the currents are dominated by the tidal signal, the degree 
of current rotation with depth resembles that obtained from the ellipse 
presentation. Consequently, lag correlation results presented here will be 
confined to a comparison of a subsurface current meter record (usually 20 or 
30 m depth) with those from shallower and deeper depths. Lag correlations at 
four locations only are presented. Lastly, the vector mean winds, the mean 
wind speeds regardless of direction and the wind variances have been determined 
for the duration of the current records. 


* eph = eycles per hour. 


Table 2. 
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Example of original data listing. 
Hecate Project 1954, File N6-4, 1955). 


EKMAN CURRENT METER OBSERVATIONS 


Time 


1524-21-V 
129 
1534 
1538 


1546 
155 
1556 
1600 


1624 
1630 
1636 
1640 


1648 
1654 
1700 
1704 


LI 
1726 
1730 
1738 


i i he 
1758 
1802 


1805 


1822 
1826 
1830 
1833 


1851 
1856 
1859 
1902 


1922 
1926 
1929 
1933 


Depth 
(m) 


50 
30 
20 
10 


50 
30 
20 
10 


50 
30 


Speed 
(cm/sec) 


Dive. 


CPT) 


27 
347 
340 
337 


21) 
I | 
314 
017 


142 
LO7 
pda | 
045 


141 
147 
ie ey 
035 


160 
132 
124 
077 


15/ 
NRW 
129 
067 


159 
Be 
Ay, 
079 


baw | 
137 
133 
102 


162 
120 
145 
090 


Station No. 


Time 
PA Sis 


1556-21-V 
1607 
1617 


1638 
1649 
1709 


1805 
1810 
1823 


1900 
1910 
PRED Re) 


CURRENT DRAG OBSERVATIONS 


Depth 
(m) 


10 
20 


10 
20 


10 
20 


Speed 
(cm/sec) (°T) 


18 
19 


23 


26 


29 


he 


Dire 


344 
342 
027 


507. 
007 
080 


057 
077 
107 


094 
Ti 2 
i ag 


Wind 
Speed 
(Knots) 


2 


13 


a2 
2 
14 


13 


14 


(From Data Record, Current Measurements, 


Dir: 


Co 


167 


167 


162 
162 
184 


pF pe 
174 
Lis 


he Results 


In this section, the major features of the currents are presented based 
on the wind and current records tabulated in the Appendices. 


Mean Currents 


The mean (time-averaged) currents at each depth and station are plotted 
in Figures 2a,b (a listing of these data is given in Appendix Bl). Vector 
averaged winds for the duration of the current observations are plotted above 
the currents (wind scale = current scale x 100). The main features of the 
mean flow were as follows. 


1. At all locations there was considerable variation in current speed 
and direction with depth. Mean speeds in excess of 25 cm/s were 
measured at near-surface depths at cross-channel locations I-1 to 
I-3 during early September 1954 and at Station 5 in June 1955. 


2. Local winds appeared to be a significant, though not overriding, 
factor in determining the mean surface flows. This is not surprising 
in that the integrated, large-scale wind effect prior to the current 
observations would presumably have been of greater importance than 
winds measured during the observations. Winds were possibly respon- 
sible for the difference in the currents at O and 10 m compared to 
greater depths at stations 65 and 43. Winds may have also affected 
the north-south variation in the near-surface currents at stations 
I-1 to I-3. On the other hand, the weak mean currents over the 
shallow region of station 44 were not consistent with the presence 
of a comparatively strong (12 m/s) average wind at the time. 


3. The single station (65) in Dixon Entrance (McIntyre Bay) possessed a 
strongly sheared current with onshore flow near the bottom. Onshore 
bottom flow in this region has also been recently observed using 
bottom drifters (J. Harper, personal communication). 


4, The cross-channel stations 42-44 occupied in late May 1954 indicated 
negligible mean flow over the broad shallow bank adjacent to the 
east coast of Graham Island. However the flow strengthened within 
the deeper waters off the bank where it was directed predominantly 
southward. 


5. There was a sharp decrease in mean sgpeed below 20 m depth at cross- 
channel stations I-1 to I-3. This was accompanied, at stations I-l 
and I-3, by a change in direction. The near-surface flow at I-2 was 
southeastward parallel to the axis of Hecate Strait whereas at I-l 
and I-3 there was a definite cross-strait flow to the northeast. 


6. The currents taken during the first week in June, 1955, (stations 5, 
9, 14) in southern Queen Charlotte Sound indicated the presence of 
a strong (10-20 cm/s) near-surface and near-bottom mean flow with 
a relative minimum velocity around mid-depth. Except for the outer 
location (9) there was also a change in direction with depth. This 
was most pronounced at station 5 north of Gordon Channel. 
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7. Station T results are consistent with those observed in 1977 in 
Queen Charlotte Strait (Huggett et al, 1980); that is seaward flow 
at the surface and inward flow at depth. 


8. The common occurrence of a change in the mean current velocity 
between 10-20 m or 20-30 m depth is not inconsistent with an 
approximate two layer structure to the region during the time of the 
observations. As indicated in Figures 3a,b, the surface layer, 
defined as the base of the pycnocline, was typically around 10-20 m 
deep. 


Tidal Currents 


Semidiurnal and diurnal tidal current ellipses are plotted in Figures 4 
and 5 respectively. (These data are also listed in Appendix B2 and B3.) 
Percentage variances of currents attributable to tidal currents are listed in 
Appendix B4. The major features of the tidal motions were as follows. 


1. Current motions at tidal frequency were dominated by the semidiurnal 
component at all stations and depths. At certain locations (eg. 
stations 44 and 9) the amplitude of these currents exceeded 50 cm/s; 
typical values were in the range of 25-35 cm/s. Comparison of the 
magnitudes of the major axes indicates that the semidiurnal components 
were generally a factor of 2 to 4 greater than the diurnal components. 
For certain drogue measurements (eg. stations 43 and 44), the computed 
magnitudes of the diurnal constituents equalled those of the semi- 
diurnal constituents. However comparison with results using Ekman 
current meter records (Table 3) indicates such estimates are 
erroneous and linked to incorrectly sampled currents. (These 
diurnal values are listed in Appendix B3 but not plotted in Figures 
da, bos This effect also leads to an overestimation of the surface 
semidiurnal tidal component. 


2. With few exceptions, the combined diurnal-semidiurnal tidal motions 
accounted for greater than 60% of the total signal variances at all 
locations and depths. Comparatively high percentages (>78%) occurred 
at stations 43, 44, 9 and 5; much lower percentages occurred at deep 
stations 42 and I-1 to I-3. As exemplified by station 65, the 
relative amount of variance associated with the tidal motions generally 
increased with depth. 


3. Orientations of semidiurnal and diurnal ellipses at a given station 
and depth were generally similar, although the weaker diurnal currents 
displayed considerably more directional variability with depth. Tidal 
currents were elliptical, and, with few exceptions, quasi-rectilinear. 


4. Near-bottom semidiurnal current ellipses in McIntyre Bay (station 65) 
and at station I-2 tended to align with the bottom contours (cf Figs. 
land 4a). 


5. Semidiurnal currents at stations 43 and 44 were roughly aligned with 
the axis of Hecate Strait whereas at station 42 the flow appeared to 
be oriented with the deep channel west of Banks Island (Fig. 1). 
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5. (continued). Similarly, the semidiurnal ellipses at I-1 and I-2 were 
aligned with the axis of the strait while at I-3 the orientation was 
approximately parallel to the deep channel. 


6. Semidiurnal currents at stations 5, 9, and 14 appeared to be influenced 
by the re-entrant channels leading landward from the offshore slope 
region. Near-bottom currents at 9 and 14 were also aligned differently 
and much more rotary than at other depths, possibly due to presence 
of local curvature in bottom topography. 


7. Diurnal currents were insignificant at deep stations 42 and I-3 at 
the time of the observations, but as with the semidiurnal constituents 
were amplified at shallow locations (stations 44 and I-1). Unlike 
the semidiurnal component there were no obvious effects of bathymetry 
on near-bottom diurnal motions. 


8. The phase lags of the diurnal and semidiurnal constituents differed 
markedly with one another at a given location and depth and with the 
local tide height (Table 4). However, for a given constituent and 
station, phases had considerable consistency with depth (Table 5). 
Some of the variability in phase is attributable to inaccuracies 
associated with the analysis of short time series. Nevertheless the 
semidiurnal currents consistently led the semidiurnal tides in the 
region, with a range of around 50-200°, which would indicate that 
maximum flood (ebb) typically precedes local high (low) water by 
ls to 6 hours. 


Diurnal currents in most instances led local tidal elevations. 
The exceptions were at subsurface depths at stations 42 (current lag 
~ 130°) station @ (c@rrent lag@ 90°) ,«station 5 (lag ~70°) .and 
station.T (lag 10°): 


9. The most marked changes vertically in phase of the semidiurnal current 
occurred at stations 42, I-l and I-2. The phase difference of 180° 
between the upper and lower layers at station 42 was especially 
pronounced and may have been caused by strong internal motions 
generated at the northern head of the Hecate Strait re-entrant trough. 
Such motions did not appear to be present at station 14 in the 
southern re-entrant trough north of Vancouver Island. 


Sources of Error 


The surface drogue measurements would have been affected by wind drag 
and wave motion as well as errors due to the elementary tracing method. More- 
over, as the comparison in Table 3 demonstrates, the drogue tracks were not 
of sufficient accuracy to allow analytical separation of the diurnal and 
semidiurnal current components. The Ekman current meters proved more useful 
than the drogues in this respect. 


There are a number of sources of error associated with the Ekman current 
meter measurements. To begin with, current directions are indicated by small 
metal balls which are directed by a magnetic compass into one or more of 36 
individual compartments in a radially divided compass box. Directions are 
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therefore accurate to +10°. Current meter rotor counts were generally obtained 
for periods of 3 minutes only at each depth, or roughly half the recommended 
integration time (S. Tabata, private communication). These "instantaneous" 
speeds may therefore have been contaminated by wave-induced motions. Moreover, 
Tabata and Groll (1956) showed that "rotor pumping" at times of large ship-roll 
or yaw can lead to erroneously high Ekman current speeds. Current directions 

at such times appeared reliable but were questionable during periods of weak 
currents (<5 cm/s). Fortunately, ship-roll wasn't a major factor in the present 
set of observations. The single mention in the data record to large rollwas for the 
latter part of station 43 following buildup of sea during prolonged southeast 
winds. The tendency for a vessel to "surge" on its anchor line (scope » 3 to 1) 
also could have produced erroneous Ekman current velocities, especially during 
times of weak surface flow. No documentation of this effect was presented in 

the data reports. 


Lastly, we note that the brevity of the records made it impossible to 
separate the various tidal constituents within the diurnal and semidiurnal bands. 
The values presented here are therefore rough estimates to the Ky and My tidal 
current constituents which will be "contaminated" by other constituents, most 
notably the 0, and S9 tidal components. (A record length of 15 days is required 
for resolution of these constituents. ) This feature alone emphasizes the 
limited application of Ekman current meter records and makes one aware of the 
significant contribution to oceanic research by the in situ, self-contained 
current meter. 
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6. List of Figure Captions 
Figure l. Station positions. Depths in metres. 


Figure 2. Mean currents (averaged over lengths of record) for 
a. 1954 and b. 1955 current records. Vectors give velocity 
at each depth with north upward. Mean wind vector is at 
top of diagram. 


Figure 3. Density profiles at selected stations for times of current 
meter observations. a. 1954; b. 1955. 


Figure 4. Semidiurnal tidal current ellipse axes for each location 
and depth. Major axis with arrow heads; half length of 
axis gives current speed for that axis. North is upward 
in figure. Note that bottom measurements at I-3 were at 
200m Geptn. 4911954; Bb.” 1955. 


Figure 5. Diurnal tidal current ellipse axes for each location 
and depth. Note reduction in speed scale compared to 
Pigurevsn. eas 1954s b.! L955. 
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Appendix A. Wind and current plots. 


The wind and current data are plotted in three groups as follows. 


a 


Stick (vector) plots of the unedited winds and currents. North is 
toward the top of the page and east to the right along the time axis. 
Each vertical tick along time axis corresponds to 2 hours. Wind 
speeds in units of 5 m/s, currents in units of 50 cm/s. The dashed 
horizontal line in each plot separates wind and drogue observations 
(above) from Ekman current meter measurements (below). 


Plots of the east-west and north-south components of winds and 
currents with east and north oriented in positive Cartesian directions. 
Speed scales and dashed lines as in Al. The time scale has been 
compressed relative to Al such that time between ticks is 4 hours. 


Plots of the east-west and north-south components of winds and 
residual currents. In this case, the mean and combined diurnal - 
semidiurnal tidal currents have been extracted from the original 
data. Speed scales and time as in A2. 
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Appendix B. Listings of tidal current constituents. 


Listings are for stations and depths having durations of one tidal 
cycle or longer. Listed for the two tidal current constituents are amplitudes 
of the major and minor axes, orientation of major axis relative to east and 
phase lag (g) relative to 120° west longitude. If minor axis is positive, the 
current vector rotates counterclockwise; if negative, rotation is clockwise. 
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Appendix C. Vertical cross correlation plots for selected stations. 


Selected plots of current correlation versus depth. The hourly inter- 
polated current components were used to determine correlations between various 
depth levels for lag increments of +1 hour to a maximum of 13 lags. 


For each pair of depths the record at the second depth is held stationary 
while the record at the first depth is shifted with positive or negative lags. 
The cyclic variation in the plots results from strong tidal frequency components. 
If the position of maximum correlation is shifted to positive lags (to the 
right) then the current component at the second depth level leads that at the 
first depth level; if the position is shifted to negative lags (to the left) 
the current component at the second depth level lags that at the first depth 
level. 
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Appendix D. Winds 


Listed are vector-averaged wind, mean wind speed regardless of direction 
and average total variances (m2/s2). 


84 


Listings of wind properties. First two columns give magnitude and 
direction (counterclockwise from north) of vector averaged wind 
(direction toward which wind was blowing). Next column gives average 
wind speed regardless of direction. Last two columns give wind 
variances for each component. There were no winds at station T. 


STATION VECTOR MEAN MEAN SPEED MEAN VARIANCE 
SPEED DIR. EAST-WEST NORTH-SOUTH 

( m/s) iyo} ( m/s ) (m/s) 2 (m/s) 2 

44 11.9 9 19.9 58 470 
43 2952 -39 30.3 410 547 
42 6:3 3 11.5 53 23 
65 Lied -7 12.9 38 | 213 
I-3 738 -40 Lis3 59 106 
I-2 15.4 -178 19.3 107 312 
I-1 16.3 -22 17.0 114 463 
9 12.9 -2 16:3 101 338 
14 Sek 120 6.1 30 24 
5 6.2 -177 15.8 195 125 
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ABSTRACT 


Physical, chemical and biological oceanographic observations are made from 
the weathership at Ocean Weather Station Papa, and between Esquimalt and 
Station Papa, on a routine continuing basis. Physical oceanography data 
only are shown, including surface observations and profiles obtained with 
bottle casts and conductivity-temperature-pressure instruments. 
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INTRODUCTION 


Canadian operation of Ocean Weather Station P (Latitude 50°00! N, 
Longitude 145°00'W) was inaugurated in December 1950. The station is occupied 
primarily to make meteorological observations of the surface and upper air 
and to provide an air-sea rescue service. The station is manned by two 
vessels operated by the Marine Services Branch of the Ministry of Transport. 
They are the CCGS Vancouver and the CCGS Quadra. Each ship remains on station 
for a period of six weeks, and is then relieved by the alternate ship, thus 
maintaining a continuous watch. 


Bathythermograph observations have been made at Station P since July 
1952. A program of more extensive oceanographic observations commenced in 
August 1956. This was extended in April 1959 by the addition of a series of 
oceanographic stations along the route to and from Station P and Swiftsure 
Bank. These stations are known as Line P stations. The number of stations 
on Line P has been increased twice and now consists of twelve stations 
(Fig. 1). Bathythermograph observations and surface salinity sample collec- 
tions, in addition to being made on Line P oceanographic stations, are also 
made at odd meridians at 40". j.e. 139 40'Wa 141) .40°W. etc. whese stations 
are known as Line P BT stations. Data observed prior to 1968 have been 
indexed by Collins et al (1969). 


The present record includes STD and surface salinity and temperature 
data collected from the CCGS Vancouver during the period 5 January to 15 Feb- 
ruary 1979. 


All physical oceanographic data have been stored by the Marine Environ- 
mental Data Services Branch (MEDS), Department of Fisheries and Oceans, 240 
Sparks Street, 7th Floor West, Ottawa, Ontario, Canada, K1A OE6. Requests 
for these data should be directed to MEDS. 


Biological and productivity data are published in the Manuscript Report 
series of the Department of Fisheries and Oceans (DFO), Pacific Biological 
Station, Nanaimo, British Columbia, Canada. Requests for these data should 
be directed to DFO. 


Marine geochemical data are for the Ocean Chemistry Division, Department 
of Fisheries and Oceans, Institute of Ocean Sciences, P.O. Box 6000, Sidney, 
By Ute catada, VoL “4b2-. 


PROGRAM OF OBSERVATION FROM CCGS VANCOUVER, 5 JANUARY - 15 FEBRUARY 1979. (P=79-1) 
(MEDS Ref. No. 15-79-001) 


Oceanographic observations were made by the officers and crew of the 
CCGS Vancouver. 
En Route to Station P (Line P) 

STD profiles were taken at Line P stations | to 22 


Surface salinity and nutrient samples were taken from the seawater 
loop or bucket. 


The surface temperature recorder (engine intake) and thermosalinograph 
(seawater loop) were run continuously. 


Mechanical BT's or XBT's were taken at all BT positions. 


On Station P 
The oceanographic program was carried out as follows: 


1) Thirty-eight STD profiles were taken at Station P. 
Eighteen STD profiles were taken at MILE GRID positions. 


2) Daily salinity samples were taken from the seawater loop. 

a) BT's or XBT's were taken every three hours to coincide with meteoro— 
logical observations, encoded and transmitted according to the IGOSS 
format. 


Marine Geochemistry 

Samples for air CO,;y PCO,, POC, alkalinity, nutrients and tritium 
obtained during this cruise are for the Ocean Chemistry Division and 
are not included in this Data report. 


Samples from 150 metre vertical plankton hauls (Station P) and nutrients 
(Line P) obtained during this cruise are for the Pacific Biological 
Station and are not included in this Data report. 


En Route from Station P (Line P) 
STD profiles were taken at Line P stations 12 to 8 and 5 to l. 


Surface salinity and nutrient samples were taken from the- seawater loop 
or bucket. 


The surface temperature recorder (engine intake) and thermosalinograph 
(seawater loop) were run continuously. 


Mechanical BT's or XBT's were taken at all BT positions. 


Observations for Other Agencies 


1) Marine mammal observations were made by the ship's officers for Mr. M. 
Bigg, Department of Fisheries and Oceans, Pacific Biological Station, 
Nanaimo, B.C., Canada. 


2) Bird observations were made by the ship's officers for Dr. M. Myres, 
University of Alberta, Calgary, Alberta, Canada and Mr. J. Guiget, 
Curator of Birds and Mammals, Provincial Museum, Department of 
Provincial Secretary and Travel Industry, Victoria, British Columbia, 
Canada. 


OBSERVATIONAL PROCEDURES 


The daily surface water temperatures were measured from a bucket sample 
using a deck thermometer of +0.1 C accuracy. The daily surface salinity 
samples were obtained from the seawater loop. When the seawater loop was 
not operational these samples were obtained with a bucket, and are indicated 
with a '*' in this data record. 


Salinity determinations were made ashore with a Guildline Autosal 
salinometer. Accuracy using duplicated determinations is estimated to be 
+0.003 ~/oo. 


Line P engine intake continuous temperature on both ships was recorded 
by a Honeywell Electronik 15 Recorder. The temperature probe is at a depth 
of approximately 3 metres below the sea surface and the instrument accuracy 
is believed to be +0.1°C. 


Each ship is equipped with a Plessey Model 6600-T thermosalinograph 
which is used, on Line P, for continuous recording of surface temperatures 
and salinities from the ship's seawater loop. The temperature probe is 
mounted at the seawater loop intake (approximately 3 metres below the sur- 
face) and the salinity probe and recorder are situated in the dry lab. The 
accuracy of this instrument is believed to be +0.1 C for temperature and 
+0.1 foorfor?saldnity. 


STD profiles were taken with a Guildline Model 8/00 STD system. 


COMPUTATIONS 


Analog traces from the salinity-temperature-pressure instrument have 
been digitized using a Hewlett-Packard (HP) 9821A calculator and an HP 9864A 
digitizer, then replotted by an HP 9862A plotter. Digitization was continued 
until original and computer plotted traces were coincident. 


The HP 9821A was then connected to an HP 2116 minicomputer and the 
digitized data transferred to 9-track tape. Using a UNIVAC 1106 computer the 
data was listed and obvious spikes removed. 


Generally a correction is applied, determined by comparison with 
hydrographic casts of the same cruise. As no hydrographic casts were taken, 
the STD data were compared with hydrographic casts from the previous and 
following cruises. 


The differences were very irregular, therefore because ofmdtt fieulty in 
calibrating no correction has been applied. 


Temperature and salinity values were listed at standard pressures and 
plotted using a Houston Complot DP8S Plotter. 


Data values which we suspect but which we have included in this data 


record are indicated with a plus. These data have been removed from magnetic 
tape records. 


The headings for the data listings are explained as follows: 


PRESS is pressure (decibars) 

TEMP is temperature (degrees Celsius) 

SAL is salinity (parts per thousand) 

DEPTH is reported in metres 

SIGMA-T is specific gravity anomaly 

SVA is specific volume anomaly 

THETA is potential temperature (degrees Celsius) 
SVA (THETA) is potential specific volume anomaly 

DELTA D is geopotential anomaly (J/Kg) D 
POT EN is potential energy in units of 10 ergs/cm 
SOUND is the velocity of sound in metres per second 


Data were processed for publication by Messrs. C. de Jong, B. Minkley and 
J. Linguanti. 
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LOG OF HYDROGRAPHIC AND STD OBSERVATIONS 


Consec # Stations Date (Z), Time (Z). STD (m) Hydrocast (m) Comments 
001 1 05/01/79 2325 120 
002 2 06/01/79 0056 97 
003 3 06/01/79 0254 1200 
004 4 06/01/79 0614 1350 
005 5 06/01/79 0955 1400 
006 6 06/01/79 1540 1400 
007 7 06/01/79 2145 1400 Line 'P' 
008 8 07/01/79 0353 1300 
009 9 07/01/79 0942 1275 
010 10 07/01/79 1535 1300 
O11 1% O07 /00/79'"2225 1400 
012 ty 08/01/79 0545 1400 
013 P 08/01/79 1728 1400 
014 P 08/01/79 1745 300 
015 W3 08/01/79 1954 300 MILE 
016 W4 08/01/79 2155 300 grid 
017 Ct 09/01/79 0135 300 
018 P 09/01/79 1735 1400 
019 P 10/01/79 “1542 1400 
020 P 10/01/79 1603 300 
021 W3 10/01/79" "2807 300 MILE 
022 w4 10/01/79 2025 300 grid 
023 Cj 10/01/79 2230 300 
024 E4 Ri OL/79. ONSS 300 
025 E3 Ti/01Lf79" 0327 300 
026 P L1i/0L/79" 17s 1200 
027 P W/Ols79  bi25 1400 
028 P 13/01/79 1715 1400 
029 P 14/01/79 1720 1400 
030 P 15/01/79 1720 1400 
031 P 16/01/79 1735 1400 
032 P 18/01/79 1740 1400 
033 P 1OLOVM7IOMMITIS 1400 
034 P 20/01/79 1710 1400 
035 P PUIOT PIONS 1400 
036 P IDAOL/79 720 1400 
037 P 23/01/79 2150 1400 
038 P DAIOUP TIC ATS 1325 
039 P 24/01/79 1740 300 
040 E3 24/01/79 1927 300 
041 E4 24/01/79 2145 300 date 
042 et 25/01/79 0015 300 a 
043 W4 25/01/79 0250 300 ore 
044 W3 25/01/79 0435 300 
045 P 95/01/79 “1720 1400 
046 P 26/01/79 1725 1400 
047 P PTPOULPIMMLILS 1400 
048 P 28/01/79 1710 1400 
049 P 29/00479 41720 1400 
050 P 30/01/79 1720 1400 


LOG OF STD AND HYDROGRAPHIC OBSERVATIONS (continued) 


Consec # 


051 
052 
053 
054 
055 
056 
057 
058 
059 
060 
061 
062 
063 


Stations 


P 


Date (Z) Time (Z) STD (m) Hydrocast (m) 


31/01/79 
01/02/79 
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03/02/79 
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05/02/79 
06/02/79 
07/02/79 
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14/02/79 
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LEYS 
ty2o 
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1725 
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1S pepe 
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1400 
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1345 
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300 
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300 

300 
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1400 
1400 
1400 
1400 
1400 
1400 
1400 
1400 
1350 
1400 
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100 

100 


Comments 


MILE 
grid 


Line 


it 


MILE GRID 
(MIXED LAYER EXPERIMENT ) 
During the MILE experiment in the summer of 1977 a 20-mile triangular grid 
was initiated with STD stations to 300 metres. 


During this cruise the grid survey was completed three times. 


1st - STD consec. #014 - #017 (incomplete) 
2nd - STD consec. #020 -— #025 
3rd - STD consec. #039 — #044 
4th - STD consec. #059 -— #064 
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Oceanographic Data Obtained on Cruise P-79-1 


(MEDS Reference No. 15-79-001 ) 
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Results of STD Observations 
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Figure 2. Salinity difference between hydro data and STD. 
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10 
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T 
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26.50 
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256.65 
25004 
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25 Ot 
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o/77 
LVS 
1.28 
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1478-6 
1478.6 
1479. 
1479. 
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1478-6 
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1472-6 
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1200 


1S00,5 


TEPER ORG A 
é 8 LZ 
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Slr CASH 
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ao PD ORES TAKEN 


Jo 
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1U 
2U 
Sb 
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3 

Luu 
eos) 
Ree 
175 
260 
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25U 
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22454 
52054 
32054 
52054 
Se 054 
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Sot U 
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33270 
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0 
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SO 
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99 
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397 
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oe 
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SVA 
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2565 
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ele 
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SOUND 


1478. 
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1472. 
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POSiTION 49-49.0N» 
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L42e~-40 UW GMT 
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Or As lie ena fe5 POINTS: TAKE 


PRESS TEMP Syl DEPTH SIGMA 
T 
u (wae 32 20 U 25043 
lt Tel 225 56 10 C5043 
cU 770 ey? epee 20 2oe43 
0 7270 ey Af Boe 30 25oe45 
a0) Wied ds Saar he We 4Q Ce 4S 
5G 7269 32 26 5b “0 25 e44 
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LsU  Se4o fe Po anys ie lag 20201 
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196 oie ts 550710 169 20264 
200 Seidl Soe G 199 29206 
aiU 4699 Sa eh DO 209 covey 
cau 4e9] So070 218 2Oe Hk 
ZOU 4282 Soe 0G 228 2026S 
C4U 4.76 Saat Mate = 20/76 
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25004 hom t °05 
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142.9 4.00 54] 
141.4 W.15 3-69 
140-1 4.29 3.98 
139-4 4.43 4.29 
138.5 4.57 4.61 
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1479. 
1479. 
1479.6 
1479. 
1479. 
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1473-6 
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1474. 
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SU 7269 32056 50 eeettity 255%2 1.28 °33 1479. 
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2&Ub Sell fo Popa gS os 2o0eb008 14124 4.15 3269 “LYTSs 
ec 4e87 33470 2eo coeoeNh1 29680 4.50 4.45 1472.5 
20U 4266 Ryan ee, 242 coe Tl L37 oF 4.84 5228 1472. 
SGU 4e18 eRe ke, 236 20609 2U13.5-2G D6 Se 7ei8> C1 4TH. 
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19> 


e ON» 
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Liv 4e87 
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1SC 4252 
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elt 4.34 
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e/u 4.00 
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°76 
1404 
1.26 
Lb) 
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POUSZTION SO= .0N>y 143= safe GMT AvyS STATION ed 


ReStietsS OF STP. CAST 175 POINTS TAKEN FROM ANALOG TRACE 
GUILDLINE WAS USEDePRESSUXES ARE ITEPutT 
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SOUND 


1475-6 
1475. 
1475. 
1475. 
1475.6 
1476-6 
147o-. 
1476-6 
1476-6 
1470. 
1470. 
1469. 
1409. 
147U.- 
1470. 
1470. 
1470. 
1470-6 
1470.6 
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250 4+e20 Re Po BY, or 228 ie ORT) 1A ine 8 #52 4.59 
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1U oel9 3240 10 2556 249.0 025 ae 
aU ovl9 52 0 4U 20 25-560 249-42 50 °05 
SU oe19 32 64 30 23650 .-c493s 075 eil 
th oel9 See42 ec) 2DdeWe 24603 1.87 eal 
100 Deoo oe% 6 99 Eos fe 2259 2048 1-26 
he 4.79 33-00 et 2oe14 189-8 2.99 1.84 
15v 4075 93 04U 149 gonhGe 2594/1 3042 2044 
‘Whs) 4649 SO% 55 174 2baoG AG 4) 3-80 S207 
2UU 4.30 30% be 19% 20068 13846 4.15 Sed 
eet 4ele 53-64 eS goes AgSud 4.50 4.49 
LOU 4.00 3Os 06 248 era a: 132 e9 “83 Se DU 
3UU 52-84 Soe U 2928 2oe/9 L2G el7 5.48 Ve lz 
4 O60 be Rely | OOS 397 Sos,  A1B. 6 62/72 lissS 
SUU 54D 53094 LOG oie 1 « WHO 2 7.86 16.75 
oOU ih es) o) 34405 595 eT nad 100-1 8.91 22260 
UU 2.99 534-19 79D ‘aad Boge 5) G86e8 11077 Det 
1060 Ze DY 34.231 990 ETRoe 7546 lexd9 D040 


12uu Cette S4e41 1158 eirehS 6646) — 03261 66252 


SOUND 


1472. 
1473. 
1473. 
1473. 
1473. 
1474. 
1472. 
1470. 
1470. 
1470. 
1470. 
1469. 
1469. 
1469. 
1470-6 
1472. 
1875» 
1475. 
1477. 
1479. 
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DB 
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34 
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Gre 
OAL-LNSETYT,« OGG 


EZ 
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34 


16 


30 
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CFr SHORE OCEANOGRAPHY GrOUP 

Mer GRENCE:NO. 9f9-) 1-58 WATE ei/oa2sd9 

MOSLTZON »«50- «sONer | 145— | epw GM Tati ss STATION e 
Mm Solid oAOF aStPeGAST lel POINTS TAKEN FROM ANALOG TRACE 
VUILULIWE WAS USED»rePRESSURES ARE INPUT 


EAE. TEMP SAL Dir aH SIGMA SVA DELTA POT. 
T D EN 

U oe17 S2e45 0 29094 24520 e00 -00 
LU Oe18 Seats 10 256 04 24552 OF 4a «01 
2 oel9 be e45 20 25254 245.4 049 e005 
OU bsb9 32046 30 e5e55 244.8 0 74 ell 
4 0249 452446 GO 25.55 244.9 298 020 
OL oel9 Se e4G 50 2655 24520 le2d 031 
OU be 19 geett OU 2 2 35 245ea1 ] 047 e045 
"ae oe19 52 46 74i 25405 yehdee 1.72 eOl 
&U oel9 32047 q? 259456 ,eh4a7 1.96 80 
OU oel& 42047 a9 ee Db +e2kh4ab ree | 1.01 
116 5S e42 32266 109 25600 vee1e8 2-68 1.49 
LSU 4.78 jaca t 129 LCoecQ 1a4%0 Jee 1299 
L4u 4ele 33214 boo 26026 178-4 See? 2e24 
lSu te 7V 53224 149 2ORO4 “T7028 30 44 2en0 
Lob 4e7l 53504 ee, 200935 415301 Jeb aay Ge 
17 4.63 era ws 159 2026] 145-6 SPW aS oe OU 
1&u 4eo1 53-58 LA? 2oe6el 144.7 3-90 326 
LOU 4250 33256 1&9 20665 1456 4.04 Ke ee Pe) 
2OU 4. 3P Soe on 199 2000S 141.8 4.18 Jee 
210 4ed5 55009 209 20.66 140.4 4.33 4.11 
cau 4218 53-00 210 L2Oe dé peeks ioe 447 442 
24U 4.10 33 «Ot 238 2O6oS? Are 6 4.74 ere 
EoU 4.05 Joel 248 Edel T3668 4.88 5-41 
260 3¢99 J5063 258 Peele Looe 5-02 Set f 
27 U 3293 33204 208 ebe fH 13329 5215 ce a 
COU 3-90 33605 PM as Poe ID be are a 5.28 6.50 
29U 5088 53266 258 2o<16 Ljes¥ 542 6-89 


3UU 5284 33266 2°38 2de16 Le ear S65 1<c8 


SOUND 


1472. 
1473. 
1473.6 
1473. 
1473. 
1473. 
1473. 
1474. 
1474. 
1474. 
1473. 
1471. 
1470. 
1470. 
1470 s 
1470. 
1470. 
1470. 
1470. 
1470. 
1469. 
14609. 
1469. 
1409. 
14609. 
1469. 
14609. 
1409. 
1409. 
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1300,5 
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4 8 12 
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UFF SHORE OCEANOGRAPHY GirkOUP 

R@FERENCE NO. 79=- l= 58 DATE TH 2779 

PESITION SO= .ONe 145= «OW GMT 17.3 STATION ne 
RrEsUL TS OF STP CAST 2U5 POINTS TAKEN FROM ANALOG TRACE 
GUILDLINE WAS USED*PRESSURES ARE INPUT 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. 

T D EN 
U oel7 32045 0 25254 245.0 © 00 00 
1G 0e18 Sea Fh 10 25.54 2u5e2 025 «01 
cu 6019 92045 20 25-54 2452-4 049 °05 
SU 6019 32040 0 29en5 245.0 1.23 e Jl 
7.5 oe lY 52046 yf ase 545 a te ee 1.84 /0 
100 ae ae sO 99 £92635 237.4 2045 1.24 
L2% 4 eS2 52-94 124 20-06 194.4 2.99 1.87 
B50 te FO aoeed 149 2oe34 170-8 3 44 2450 
VyS 4.63 39298 174 20061 145.0 383 3ek3S 
c0U Geese 33.56 YO9 26.65 1241.8 {4.18 3.82 
2es Gelod 33-60 | Bs 26.66 138.8 4.54 4.58 
25 4.205 53-61 248 26.20 136.8 4.88 5 hi 
5UU 3684 33266 298 eoei6.- 131.7 5255 7228 
4UU 3264 33280 397 26009 120.2 6.80 11.76 
50vU 3054 35298 496 260.98 1id2<4 7297 17.09 
6UU 3-30 34.200 595 200d 103.7 9,05 250 hh 
BUU 2098 S4e14 Tes 2hece 96.5 113504 Ohews 

10UU0 2e6/7 S4e2e7 990 ef wo6 78559 JB o74 52.60 
1206 2e4e 34239 1188 27.47 68e0 14.17 68.98 
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1472. 
1473-6 
1473-6 
1473. 
1473. 
i474. 
1473-6 
1470. 
1470.6 
1470.6 
1470. 
1409-6 
1469.6 
14609. 
1470. 
1472. 
1473-6 
1474. 
1477. 
1479. 
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DB 
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QJFFSHORE OCEANUGRAPHY GicOUP 

Kee CRENCE NOs */9= 1-759 JATE Th 2479 

Perron 5U= %SONr Leo 4e0N GMT (LPF STATION a 
Paeoeraeor SPP’ CAST 1u9 POINTS TAKEN FROM ANALOG TRACE 
GUILDLINE WAS USEDePRESSURES ARE INPUT 


PRESS Tear SAL DEPTH SIGMA SVA DELTA PUL. 

if D EN 
U oe2e 32234 Q aon a. he) 25 3G 00 -00 
iu be2e 32035 10 esetG” 235 di 025 O01 
aU Oece be 6 ot 20 oneayr 24245 Syl 05 
SU oOvec Secor 30 esva? 252-0 7/6 sie 
GU ovec 52235 40 25 04EY OV S4 1707 e2l 
an, ove 32558 68, oj} 4h ey Peo 1.26 ode 
wU be2e Dero 60 epestn’. 25h ¢2 1.51 °46 
7U 6022 Demos 70 25-49 250-8 1.76 °63 
OU Oece 32 e4U “yO Lor U 250 ee eet 082 
GU Oe19 B20e4U b9 257350 C4929 Cech 1.04 
1bU 26S] Set 99 cure * 23009 ar he €: Leer 
L110 26 ele He See6T 109 CovoL 2e0s0 Perk 1.52 
Leu He QL 52589 b Bae, 20204 199.0 2.95 L376 
Lio U0 4e77 oae59 129 Gee, aes? Sel 2oue 
14u 4.74 33616 hy) 2osicy vi I RI Ys 2226 
ip 4.73 EG ee fe) 149 eoesal 164.4 4649 eel 
Lou 4e74 53 e4G 9 eoOeot 252.5 3265 2.76 
176 4.70 be he wet 169 Bed, (2eSrS 3-80 ee OY 
Let 4256 eg yeep 1 26e6U 146.6 5095 3-28 
L96 Ye Of fe Fe Meo 2 Pag CoeO7” LY Oeo 4.09 3-5 
2UC 4. 3U Saeor 199 20204 142.1 G.24 3350 
Z1t 4e2l 35s 00 209 26-66 140.6 4.36 4.13 
2ecu 4.20 Soe 218 Coe = Ler so 4ed2 G44 
250 4eld 53-60 228 26-69 138-5 4.66 4.76 
240 ‘4209 53251 rat Ia. eoera Lares 4.793 5-06 
25uU 4.05 Soe 248 Cost lgos 4.93 5243 
2OU +eO01 SIeOO 255 Coeic.” L300 2007 5</S 
270 396 oo eos 266 Contra 130 e2 5.20 6-14 
260 3092 Jaros ore eGar = 1sare 96 34 6252 


SUU 5086 Re Fog 08 | 290 20aro hole. 5-60 7230 


SOUND 


1472. 
1473. 
1473-6 
1473. 
1473. 
1473. 
1473. 
14744 
1474. 
1474. 
1473. 
1471. 
1470. 
1470. 
1470. 
1470. 
1471. 
1471. 
1470. 
1470. 
1469. 
1469. 
1469. 
1409. 
1469. 
1469. 
14609, 
1469. 
1469. 
1409. 
1469. 
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60 


LZ 
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VUFF SHORE OCEANOGRAPHY GKOUP 


REFERENCE NO. 


he done 


POSiTION 49-52.0Ns 
RESULTS UF STP CAST 


GUILDLINE WAS USED PRESSURES 


i TEMP 


U be1l4 
it be25 
cu belod 
Gre as La 
4u 5He1l7 
DO Gel7 
OU oel7 
7U S«17 
&U Oel7 
Gu oel7 

Tt nel7 
BLY belb 
Leu re Ys 
LSU 4066/7 
L4O 4.64 
15vU 40666 
lou 455 
170 4.252 
15U 441 
SG 46 3Y 
200 4 34 
2cU 4223 
aU 4.218 
ZYHU 4.13 
25uU 4.205 
26U 4.04 
ey U 5095 
LOU 3-92 
290 3289 
SLU 3-86 


SAL 


oe ee be, 
$2239 
ge 8O9 
S2659 
ae t39 
32039 
320640 
Se 0e4U 
32 640 
3d2e4b 
S204] 
See4e 
Jo<G0 
32 69S 
Ke ro Lz 
Se S1 
33045 
33049 
Tal eo L 
SS oS 
53055 
Joe J6 
goess 
53 e5& 
go eos 
woes8 
53260 
SseGl 
55 06k 
a3 005 
53264 


1 60 


UiP TH 


0 
10 
20 
30 
40 
50 
o0 
70 
BO 
49 
ag 

109 
eee, 
129 
i be 
149 
Leo 
169 
L792 
159 
199 
20g 
2S 
22s 
238 
248 
258 
268 
278 
268 
298 


ae 


DATE. 


a ley 79 


OMT 1995 
97 POINTS TAKEN FROM ANALOG TRACE 


ARE IThPUT 
SIGMA  5SVA 
1 

25350 289517 
25.50 24963 
25%39 ~24955 
eosom 24956 
25050 2469.9 
29250 25030 
e5ea0 2uOsS 
29456 249-5 
25%56 Z2H9%6 
2sebb “2HOe7 
253651 2Z2¢9¢) 
BSé5e ene 
20680 221.5 
2001) 192061 
LO0e2e® 179.1 
coe4h 1652 
Boe 15369 
26 «055 150.6 
2658 Lote? 
20200 146-2 
20602 144.2 
20064 14269 
20465 14125 
2oe66 140-6 
Z2oOeO/ 139.7 
Bane 13649 
2oefl 2356035 
20812 bADHT 
foe/S 1345 
26074 P39 8-7 


STATION 


DELTA 
D 
000 
0°25 
°50 
075 

1.00 
bees 
1.59 
1.75 
2209 
2625 
2650 
ee74 
2.98 
3219 
3238 
53255 
571 
3086 
4.01 
4.16 
4.30 
4 oe 4 
4.59 
4.73 
4.87 
JeO1 
514 
5e2h 
542 
ovo 
9269 


ES 


POTS 
EN 
00 
°01 
©05 
11 
°20 
32 
046 
062 
°81 
1.93 
1.27 
1.54 
1.82 
2.08 
2034 
2e¢59 
2684 
3-10 
3236 
3.264 
3-93 
4.23 
4.54 
4.86 
5-20 
5055 
5-91 
6.228 
6266 
7205 
7646 


SOUND 


1472. 
1472. 
1473. 
1473.6 
1473-6 
1473-6 
1473.6 
1473-6 
1474. 
1474. 
1474. 
1474. 
1471 ° 
1469. 
1470-6 
1470. 
14706 
1470. 
1470.6 
1470.6 
1470-6 
1470. 
1469. 
1469. 
146096 
14609. 
1469. 
1409. 
1469. 
1469. 
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JFFSHORE OCEANOGRAPHMY Gi.OUP 

Her ERENCE NO. »/9-,1-,6l DATE, yW 4e7t9 

POSLTION 4O9-43.0Ne 144-44 .UW GMT .Alied STATION E&4 
Pe suigus ser SIP GAS 138 PUINTS TAKEN FROM ANALOG TRACE 
GUILDLINE WAS USEDsPRESSURES ARE INPUT 


ZetSS TEMP SAL DiRT SIGMA SVA DELTA POT. 
4 D EN 

U oel0 S2e4U 0 pet CUT 9 000 00 
iv Oel0 32 6 4+U 10 2505) 24820 25 O01 
aU Hel Se e4U 20 BSe5)1 sae el 050 ©05 
SU o+10 Se eH 30 249 epdert 48 v2 0 74 ell 
GU o« L.0 S2e4U 4 O rede) Ae a 2454.3 29 e20 
YU oelV 32 e400 50 2565) 24Ee4 1.24 32 
VU oell o2e41 70 aie. 45 ee 1.74 °62 
OU vel oe eH) a0 g06be. 72.46 ol 1.99 31 
GU oe10 S204] AQ 25sec t2h5 el eae 1.02 
Lib 5208 Maras 109 20692 220 65 ctf Q 1.50 
lau 4e8B4 32499 vip 20el35 190-8 2.90 Lets 
LS 4Gel2 SoU 120 20029 shp5<Jc 3.06 1.96 
14u 4.08 38 @2.0 139 ebro / 167-4 Ber 5 2620 
Lbu e OY Serer! 149 2oe4e 159-23 364] 2044 
Lou 4eoec 33043 Loy Zoeot hale 5657 2-68 
i/v 4220 33045 169 2oepo %t148 6,0 S ic 2294 
L&u 4beodY a Ge inv aey cow 145-4 3.37 Ae 
LgO 428 33 «to in 2eo.be 14358 4.01 3047 
CULL 4.22 Sit eet 199 20264 142.3 4.15 32/6 
2a) Heol J et 209 LOWwoh Lil 2 4.30 4.05 
ec 4216 Do ee 218 eoebsf 41439 <6 4Ge4k 4.36 
EWU 4e1V ad odo 226 25.686) 135961 4 5b 4.68 
24U 4eO02 335 a9 2565 206609 136 e5 eel. 5-01 
mol Jey 3. ot 248 Poel) shaded eal 4.85 5 oo 
2&U 3284 53254 278 2O0674H 13344 526 6245 
29U 384 53264 236 26674 1353641 5.349 6.84 


SUU 3 0tt 35 533265 “4e 15) 200% indeed ee 724 


SOUND 


147e e 
1472. 
1472. 
14736 
1473. 
1473. 
1473.6 
1473-6 
14736 
1474. 
1471. 
1470. 
1470. 
1467. 
1467-6 
1467. 
1406-6 
1469. 
1469. 
1469. 
14609. 
1469. 
1469. 
1409-6 
14609. 
14609. 
1409. 
14609. 
1409. 
14609. 
1469. 
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OFFSHORE OCEANOGRAPHY GinQUP 


REFERENCE NO- 


POSITION 
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U 
lu 
Zu 
JU 
4Uu 
3.0 
ou 
70 
YU 
YU 

1Uu 
L1U 
12u 
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140 
iSvu 
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1i6U 
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2 HO 
2eu 
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ZU 
ou 
2uU 
270 
ZOU 
Pistie 'B) 
3O0U 


oa 


4Y9-42e60Ne 
Reeunto OF STP CAST 
GUILDLINE WAS USEDrFPRESSURES ARE INPUT 


TEMP 
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Oye oe 
391 
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rey a2) 
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ere ee pt 
2 ve pO Ts 
JO eum 
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opeyweys 
fe youre) & 
“erage he leg 
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ey hat 4 
woe Oe 
9 ce EB Ye 
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145-+ eUW 


CEP ir 


0 
18 
20 
SU 
40 
"0 
60 
Ta 
30 
AQ 
ag 
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ie fhe 
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19 
149 
i! tebe) 
1O9 
479 
Va9 
139 
259 
agi 
228 
238 
248 
230 
268 
a1e 
238 
298 


219 


DATE 
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117 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
ote 
(cg Wie Be 
Cae 
Pelt pe a 
Cage hee Yo 
ays 95 
ee es 
clase to 
ao he 
ete DO 
easy Be bos 
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20-6U 
ha reo | 
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26-67 
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26.70 
26.70 
oot i 
20. 3 
eo le 
ime) Sh Bs 
20-74 
20. 74 
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C4606 
24607 
24720 
C47 el 
21447 eS 
247.20 
CoG. Oo 
C4009 
24607 
C246 04 
244 el 
SPO. 7 
194.8 
188-3 
2 ote 
1522 
14664 
14542 
14423 
Tits 7 
140.0 
1368 
137-4 
136-8 
13065 
L365 0 
hegeitect 
134.3 
Leta? 
Oy ss 


STATION 
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POT. 

EN 
00 
°O1 
SOO 
ell 
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081 
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1.26 
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2024 
2048 
2.73 
2.98 
Syn 
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4.09 
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4.71 
5.04 
eg ee Le! 
or ha! 
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6.37 
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SOUND 


14726 
1472-6 
1473-6 
1473.6 
1473-6 
1473-6 
14736 
1473-6 
1474. 
1474-6 
1474.6 
14726 
14706 
1470 © 
1470-6 
1470. 
14706 
1409.6 
1469. 
14609. 
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1469-6 
1409-6 
1469. 
1469-6 
1469. 
1409. 
1409.6 
1409.6 
14609. 


UB 
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60 


ea 


-—. 
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TEMPERATURE s 
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he 
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RRESS 
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3UU 
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RESULTS OF STP CAST 
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SAL 


Jew 
Seat 
Sy ee 
Sete O85 
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P29 
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179 
Lag 
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218 
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268 
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26-66 
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POT. 

EN 
00 
O01 
°05 
ol2 
eal 
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°46 
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1.26 
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POSt low’ S0~ eONe 145- 2 UW CMT 17 g4 STATION Pp 
RepULTS OF SIP CASH PS1UPOINTS TAKEN FROM ANALROG TRACE 
SUGEDLINE- WAS USED) PRESSURES ARE’ INPUT 
PRESS Tce MP SAL Ger Tr SIGMA SVA DELTA POT. 
ij ) EN 
U 0 83 52 ¢3& 0 eotes CuO ee e 00 °00 
lu +e 84 5235p 10 25054 245.26 025 01 
Fan) 5e 84 3246 «0 eovaG? 24541 0 49 ©05 
a) 2°84 S204 30 25004" 2ESee 0 74 ell 
4U 584 52040 40 25699 245% 1 098 °20 
OU 5286 32e41 50 25055 24428 Le2o eal 
GU 5 e886 Se e41 60 2Ede55 244.6 1.47 045 
70 5286 Seete2 70 259-50 244.3 1.72 e61 
OU 9e80 S2e4e je! eee oe. 2Ra Yk 1.96 ° 80 
Qu 5 ¢ BY 52 04o &9 Coogee (eat as 2020 1.01 
LGUb ode Be, be wi 99 eee L2ULS7 24S le22 
i LU 4 BY Js OU Las) 200.05 197-4 ag os: 1.44 
120 4e 74 530 0T 13% 2615 18652 2283 167 
iol) 4%. 7Y 5o3 25 129 Pow oe 172-4 eit 1-90 
14u 46 64 536 3t iso Cewks 160.8 3417 2515 
L150 4e95 53048 149 eouel 49559 oso 2236 
Lot 4 eI J's OO ify 26.56° 14987 3648 2.60 
1° 4.94 53% oO 169 29064 146.3 o's O5 2-85 
16U 4087 Os Oz Ly fobebhe 144. oOnye 3eil 
196 4283 53264 19 20e64 142.7 3292 3236 
2UU Ye 75 533264 109 2cbeb> 141.9 4.06 366 
Ziv 4.64 33264 208 26066 140-8 4.20 3296 
eau 453 34064 aie 20067 13967 4.34 4.27 
ZOU 4 eUo 535264 228 Ete OF 139.0 4.48 4.59 
24U 4236 53264 Zoe 29-69 138-1 4.02 4.92 
CU 4 e223 03264 248 Pet 150.6 4.76 He 26 
206 4e19 a Re one, 258 Poets AAR 4.80 5262 
27U 4ele Joe Oo 26a 20/2 Ss pes ap we Uo 5-98 
28U aro Saces 7k? R75. see Ble” 6.36 
< GG 4 eO4 43-66 ee LOe S44 13os2 5.30 6.75 
3UU 4.00 336% oor asia Aine 5.43 rie 


SOUND 


1471. 
1471. 
L471. 
1472.6 
1472-6 
14726 
14726 
1472. 
1473-6 
14706 
1469-6 
14609. 
14706 
14706 
1471. 
14726 
1472» 
14726 
14726 
1471. 
1472 
1471e 
1471. 
1470-6 
14706 
1470. 
1470.6 
14706 


300 


DB 


600 


tO 
& 
— 


PRESSURE » 


1200; 


1500," 


TEMPERATURE: © 
4 8 EZ 


REF. NG. 79 - iL =~ BS 
90-0 .0 N 145-0.0 W 
M@.-2 DAY-11 GMT-17.4 
Ris 4 
TY 


2 a 
SALINITY. O00 


16 


39 


QVFFSHORE OCEANOGRAPE:Y GROUP 


REFERENCt NO. 
POSITION ~50= 
RESULTS OF STP 
GUILDLEIWe WAS USED» PRESSURES ARE 


Pit SS TEMP 


U 3685 

lu 5-84 
et 939°e84 
JU 5° 84 
DU 3-80 
es) 5 86 
luu oe at Ge 
Bey 4e/3 
iSu 4295 
i/> 4.91 
200 te 7S 
ee 5 4-50 
edb 4e23 
JSUU 4.00 
4U0 5070 
900 36 D6 
oUL as OS 
s0U 4200 
10UU 2069 
12ebuu eed] 


239 


79= I= 68 DATE Bis) 2/79 
eON»e 145- 2 0W GMT 17.4 STATION Pp 
CAST 218 POINTS TELKEN FROM ANALOG TRACE 
eo 
SAL OP Te SIGMA SVA ELT a POT. 
si D EN 
Je0 36 0 Loe C4602 e 00 00 
gees7 10 25254 245.6 025 eOl 
S2e4E fo LOC oe Vee’. I 049 °05 
52 0 4b ce) 29054 24502 074 ell 
S2e4] 50 a ee 244.8 1623 eSk 
S2e4e Pes Zoe OG 244.4 1.84 °70 
Do ener 124 2osco i507 2092 1.79 
53 0 4h 149 2oedS0 155-9 35S 2236 
53-61 174 coco)” Less Ree A 2298 
33064 139 eovoe ifie9 4.06 3266 
33264 Zee CO e AES 1394 Ueud e433 
33664 248 2o.70 13648 4.76 5-26 
33268 298 eorro ISa 06 543 7e15 
33079 3°7 20oe. LAP ad 6» 70 11.65 
53e9i 4a 20299 TAs 7 7086 16.99 
54.01 Sie ie ereue Ape2e9 8.93 22099 
O4 e1& IS 2?leZ2o B7e5 10-84 36253 
D4 e3e 940 21.39 your Lesk7 51645 
D4 644 1188 eel 6] 64 tf oR 67 67206 


SOUND 


147i. 
1471. 
1471. 
1471. 
1472-6 
1472.6 
14706 
1469. 
1471. 
1472. 
1471. 
1471. 
14706 
1470-6 
1470-6 
1472.6 
1473-6 
1475.6 
1477. 
1479-6 


6 U 


UB 


bew 


ee 
7. 


r NRC OOUNE 4 


240 


300.5 


240 


TE PLP ema) ide a 
4 O ie 


AG=-43500N > 142-40 .8 W 


WOk=2 WAY 2 GAl=itke? 


mf 3.3 34 
tis 


OAL INI U/O00 


3D 


241 


VFE SHORE OCEANOUPAPHY GireOUr 

RLFERENCE NO. 79Y= l= oY SUE Wey SHO 

POSiTION 49=-49.0Ne5 142-40).uU4 GAT Wa STANLON. te 
Mews OF STP WORST J5Q PUINTS TAKEN FROM ANALOG TRACE 
OUILDLINt WAS USEDePRESSURES ARE TePtut 


PRESS TEMP SAL DuPTH SIGMA SVA DELTA (POT. 
ii Y) EN 

G 3e 69 S204 3 Cuettt! C8lec © 00 ° 00 
iv be 7U De e4t me) Cae 25067 eed etys 
abu Eiref Jil OeettS AG 2D. dR 251,<¢0 050 wD 
OU mel Le 52 e'to 30 Pe ery ce 075 ei2 
4u Dnel2 J2e!to 40 pryeer Gers tt 1.00 °20 
ut tell S264 ai Ee ttt eal sie 1-26 ye 
ou be le 32047 OU raet) <2 s Les 46 
7b bel Seo bes 70 fod T2064 1.76 063 
&& Dre ve 04 640 Coty 250 5 Cai 082 
YU Dire! Se e4i Bie) 2a) j250 <5 é, iE 1.04 
lUu be f2 $2 e494 mag ree eel 249.9 25] Lewes 
lit els ver Eye ie bsey 2oene. tapodds aE fo Las.3 
Leu 495 52686 Wit Shiaits Fado 2.95 Laas 
LSU DnelDal S316 129 20024 2193020 3 ot 2a Qil 
L4G es ee od PY poe * SAFO, A yeas 2026 
LSU Deny 530 D4 149 2oe4e 15749 30 4 250 
Jot eels 53-60 Lap mass jin tS 3264 2.74 
170 2.156 CEP ese) Loe 2Oe D6 LES &S Wir s) 3.00 
16u de51 33266 ae 2Q75& (ieee 3294 3 wet 
ROD bo ABS 3 et 139 20099 147-2 4.08 3-54 
cuU e030 Sow Or 132 20061 145.28 4.23 Oeeu 
age e2U a56O7 209 206606 144.8 4.38 4.14 
ecu 5 oO 7 Sosb7 cio 206504 14344 We5O 4.45 
AOU 492 oS » Oy 22h eoe6b M14 a 4.66 4.78 
24U +e (3 S260 ee 20% / 14064 4.80 Sele 
PSU 4% 74 asc 248, fe0667 140.0 4.94 547 
20U Yeoe Soed eae CR eO® 138.9 5.08 5283 
eth 4.55 Joe ot 21th 26020 138.65 cece 6.20 
ZHU 4.52 ie forwel | ers 200 Th 379 De Do 6459 
2xvU 4e4o Ore Ce 2H8 26.10 Loy 0 5» ot 6.99 
3UL 4.39 pe Lee A ot ais 1} 136.7 e654 7240 


SOUND 


1474. 
1475. 
1475. 
1475. 
1475-6 
14975. 
1476.6 
1476.6 
1476.6 
1476.6 
1476. 
1470.6 
1470. 
1471. 
1472. 
1474. 
1474. 
1474. 
1474. 
1474. 
1474. 
1473-6 
1473-6 
1G as 
14726 
1472. 
1472-6 
147e. 
1472. 
1472-6 
147ee 


300 


DB 


600; 


tO 
© 
© 


PRESSURE , 


1200; 


1300,5 


3 
SALINI 


TENPERATURE, C 
s 8 12 


REF. NO. 79 - 1 —3b9 
49-49.0 N 142-40.0 NW 


MG.-2 DAY-12 GMNT-1.2 


» O/O0 


33 34 
17 


39 


243 


OFFSHORE OCLANOGRAPHY GROUP 

REFERENCE NO. 79= l= 69 UATE Fi2Zs 2779 

POSITION 49-49.0Nr 142-40.UW GMT | la Sa TUN. Abe 
feSsuLio OF STP CAST 261 POINTS TAKEN FROM ANALOG TRACE 
GUILDLINE WAS USED*ePRESSURES ARE INPUT 


BRESS TEMP SAL DEPTH SIGMA SVA DELTA POL <é 

T D EN 
U 669 32045 ) 22°48 | 25162 e00 00 
iG 6-70 S2e46 16 20°48 2507 025 eO1 
<U Oe71 52 e4t 2u 22etS J25h 00 °50 °05 
SU oe72 32 «46 30 22°48 25162 ory el2 
SU bel2 32046 50 25048 251-2 1.26 032 
75 Oe73 32648 to 25-50 250.4 1.88 72 
100 oe72 32049 99 22-50 249.9 Fao 1.28 
1245 9202 epdal 124 ZOowlS 184.5 3-05 1.90 
150 5255 53054 149 20648 157.29 548 2250 
L175 D0 Do 53-66 174 26658h 149.0 3 «86 eid 
2U0 pete JO oid, 199 20.61 145.8 4.23 3283 
fad 4295 Io ot 2209 aZOROty PED if 4.59 4.61 
25U 4e74 ee ew, 248 20-67 140-0 4.94 5047 
500 4.39 So «7 a8 cones LSet. 5-64 7240 
4UU 4.01 Se Sy ae! 397 20684 125.3 6.95 pied b Wd 
500 Bites hoy Miele) 496 ADS 117-6 8.16 pT Ary che 
6UU 358 SS ti. o> he) era LOR 9.229 23.95 
80U Re er) 8 SH el S 793 a yee | 9eel 11.28 SG cl12 
10UU 2-69 S4ee7 990 ale 7807 12299 as es 
1200 2045 54239 118 27.47 660e«353 14.46 70223 


SOUND 


1474. 
1475. 
1475. 
1475. 
1475. 
1476. 
1476.6 
1471. 
1474. 
1474. 
1474. 
1473.6 
1472. 
1472. 
147e. 
14726 
1473. 
1475.6 
1477. 
1479. 


ae) 
"Boe 


FRESOURE ; 


BU 


ee 
=. 


24 


Je 


49-41.0 N 140-40. 


MG/;-2 DAY-12 GMT-8 


33 | 
SALINITY s O/ 00 


34 


39 


CFESHORE OCEANOGRAPHY * GuoUP 


iE FERENC 
HOSI TION 
ae SULTS 


re hs 
4YQG—k 
eam gh 


OUILDLINE WAS 


BRE SS 


TEMP 


ee AS. 
Sef 
069 
oe 64 
0062 
de 62 
beOc 
6e62 
b062 
ar yey 
5205 
Y.si 
5e¢O4 
ip A 
ee 
ye 34 
Dee 
me yee 
Ds On 
De2o 
eR ee: ha 
e100 
ee at 
4eB& 
4¢75 
4eo7 
4e5o0 
4.47 
4e 39 
4-30 


Fi PI 
1.O0Ner 
CAST 


70 
140-46 e U ri 
Pos Pot 


USED + PHESoUNES 


SAL 


S2e46 
Qe 0 46 
S2645 
Deeks 
ee tO 
eet 
52045 
iz awh 
S204 
Ce 0 46 
paar paks 
52 26b 
52684 
a) @ 55 
Jeecl 
soe 40 
S504 
et) 
53-6) 
23664 
53266 
53-06 
33 066 
Ot «ots 
oo 266 
33 06 
YOM ele: 
eee oN | 
soon 
ee tT 


Dorin 


fi a de 


HATE 


toMy 


be7 caAly 
Gen 


TAKEN FROM 


Nice Laur 


SIGMA 
ii 
Phos 
hee OVE 
eee 
270 4h 
eS hee: 
Det 
2464S 
-eer a te 
20 49 
C5 e4G 
Coe 
29284 
20404 
rah ae ast 
COe2O 
C046 
ef e Ur, 
20890 
PO. Oe 
CO e 5& 
26 e6U 
P0204 
ae Dia 
20264 
20805 
OO edt 
2567 
20269 
26 « Tf) 
ete tht 
Cvel¢ 


i U 6 
C%0e7 
egal eee 
251-0 
250.9 
robe wl oo 
eos 1 
250.9 
2504-6 
agoOM Eg 
C41.8 
Ate 
ran Os eS 
1885 
176.4 
165.1 
159.7 
S526 
150.9 
148-4 
146.6 
145.0 
144.5 
145%6 
LHe ne 
140.9 
140.1 
139.0 
147.4 
L326 
14507 


STATION 


11 


MNALOG TRACE 


POT 

EN 
00 
ene 
Py che: 
siz 
°20 
052 
0 46 
0635 
‘Be 
1.04 
Pee 
bee 
1.76 
2.01 
Pees 
2352 
eeue 
3204 
ae OF 
we oe 
3289 
ve Be) 
4.51 
4.84 
Seo 
S250 
5.90 
6.28 
6666 
Faruile: 
Lott] 


SOUND 


1475. 
1475-6 
1475.6 
1475. 
179% 
1475.6 
1475. 
1475.6 
1476 e 
1475. 
1470. 
14696 
1471. 
1472. 
1473. 
1473. 
1474. 
1474. 
1474. 
LY73e6 
1473. 
1473-6 
1473. 
1472-. 
14726 
1472. 
147e. 
1471. 
1471. 


300 


UB 


GOO 


CO 
= 
(> 


PRESOURE » 


1 Z0G 


1300.5 


TEMPERATURE. & 
4 8 Lz 


REF s ie. eS = i \orsi 
49-41.0 N 140-40.0 W 


MG).=2 DEtrlé2 GHI-8 .s 


16 


39 


OFFSHORE OCEANOGRAPHY GiOliP 


HEPELRENCE NO-e 
POSITION 


GUILDLIIWE waS 


rat SS 


U 

Ly 
cu 
SU 
Su 
eo 
10u 
ab 
OU 
Lys 
2lu 
ee 
eOU 
3UU 
4UU 
5UU 
6UG 
GUU 
10U0 
1206 


7y- 1- 


YOnG)] ON? 
BeeUL To UF STP CAST 


TEMP 


Dbe /Q 
ayer A 8 
0269 


SAL 


S2e4b 
3246 
S204 
32045 
52045 
52046 
2) eer 
S239 
B3e4b 
33260 
69555 
$5106 
3366 
SAtoyY 
Doel oS 
33.86 
33.96 
34.12 
54026 
34 036 


70 
140-40.UN 


247 


OA VE 
GM] 


en eas oo 


8.5 


STATIONS 


yt 


247 POINTS TAKEN FROM ANALOG TRACE 


USED + PRESSURES 


Der TA 


0 
10 
20 
30 
50 
de) 
99 
ey 

149 
174 
199 
22 
248 
295 
397 
496 
So%5 
795 
991 
Les 


Jeb yp 
Zoe 0G 
Zoo 4h 
20 pets 
€2025U 
2Os0.) 
20266 
POstc 
coe 
202945 
27 so4 
evree 
PTS 54 
27 eo F4 


ARE INPUT 


SVA 


2066 
aes 5 ad 
251.5 
e 3 1fe 0 
pod he) 
250-6 
241.28 
197.0 
tous 1 
bee! be 
14666 
144.3 
140.9 
sheen 2 6 
115.6 
196.8 
eed 
A026 

71.8 


DELTA 
9) 
© 00 
025 
©5350 
075 
1.26 
1.88 
2.51 
3.04 
5049 
3289 
4.26 
4.62 
4.98 
9067 
6.99 
B21 
i be 
11.32 
reed be 
14.57 


POT. 

EN 
00 
°O1 
005 
ela 
Pie Ps 
ele 
1.28 
1.89 
ee 
he Arg A 
3-89 
4.67 
53 5 
7°47 
12.18 
17.76 
25299 
38.216 
54.205 
71.204 


SOUND 


1475.6 
1475.6 
1475.6 
1475. 
1475. 
1475+. 
1475. 
1470-6 
1472-6 
1474. 
1474 
1473-6 
147e-6 
1471. 
1471. 
1472. 
1473.6 
1a? hoe 
L477. 
1479. 


UB 


MiaGaretousdiGuee 


6 U 


Ceo 


CO 
Ce 


ZAQ 


LS Gretta Oe 6 
4 S) 


49-B4.0N 138-40. 


Th 2 UR = 2 Gil oe 


C 
Hees 


OFFSHORE OCEANOGRAPHY GiKOUP 


REFERENCE NO. 


13= 


POSITION 49=-34.0N» 
Re suitS OF STP GAST 
GUILDLINE WAS USEDrPRESSURES ARc INPUT 


PRESS TEMP 


U 6-76 
Lu 6278 
aU Oe 78 
OU oe 7% 
uy Oe 7Y 
byG& oe 19 
ob oe IY 
70 oe 7G 
rane) oe 80 
SG oe 80 

LUV Deb/ 
10 5469 
tz 5238 
156 5e44 
L4U 5266 
25U 5209 
100 5068 
v7 0 5%6U 
180 5.50 
1906 50435 
2UU 334 
ei eel 
2c Se 10 
Pou 5.00 
24 4685S 
at ye 7D 
Zou 4.67 
aE 425% 
2OU 4.49 
SUU 4.36 


SAL 


Se 046 
32046 
S2e4tb 
322040 
3S2ee4o 
S204 
Se elto 
32 4D 
32¢47 
S2047 
52049 
02687 
ST k Qo 
SyoL yas 
535046 
Bae o 
ee horas 
SHwvHS 
35 %69 
SO ey 0 
ie eal 
Sie ek 
3S ot i 
33-69 
33 a? 
Wis fC 8 he 
goeDe 
Bo08? 
a 0 0G 
33209 
SSeh9 


i- 


rd 
138-40.0W 
L3G POINTS 


DLPTH 


249 


DATE 


ia/ as 19 


OMT Lose 


SIGMA 
: i 
25004 
ON 47 
OD e447 
2oe47 
20047 
2ne47 
CD e447 
ce 47 
25D e648 
CD e4& 
20s Dl 
202694 
COL? 
COee7 
CaedtG 
2Oe47 
2 Ow 
Zoe 
260.66 
2O~0602 
250605 
20664 
2066 
20266 
20268 
20262 
26% (6 
Zoe! 
Bowles 
Piste 


Pier 


TAKEM 


SVA 


251.4 
CoD Am | 
251.9 
252e2 
25204 
25245 
25266 
25202 
249.2 
208 4 
191%5 
7% aS 
1654 
155.8 
18 Sack 
143.3 
146.5 
145062 
144.0 
143.0 
14165 
bl ree 
13967 
13B07 
1347-8 
ey are 
EL toys § 
14524 
134.9 


STATION 
FROM ANALOG 


10 


TRACE 


POT. 

EN 
U0 
©O1 
©05 
Py ied 
eal 
032 
© 46 
063 
°82 
1.04 
lis 2? 
1452 
tad 
1.99 
20235 
2att 
rcarad pes 
2097 
3-23 
S051 
ee, 
4.09 
4,40 
4.73 
5-07 
5e4] 
Sed t 
6214 
6253 
6.92 
7-33 


SOUND 


1475. 
1475.6 
1475-6 
147. 
14766 
14766 
1476. 
1476.6 
1476. 
147vb-. 
1476-6 
1473-6 
1472. 
14736 
1474. 
1474. 
1475-6 
1474 e 
1474.6 
1474.6 
1474. 
1474. 
1473. 
1473-6 
1473-6 
1472-6 
1472-6 
L4Y7ee 
1472. 
Levee 
1471. 


of 1a 


Bis 


G00 


tO 
© 
> 


PRESSURE ; 


1200 


1300,0 


TEMPERATURE, € 
8 h2Z 


REF». N@. 79 - t pews 
49-34.0 N 138-40.0 W 
MQ.-2 DAY-12 GMT-15.2 
53 4 
rE 


2 3 
SALINITY, O/00 


16 


39 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO. 


79- 


POSAITION 49-34.0Ne 
Me SUL To OF SRP CAST 


GUILDLINE WAS USED» PRESSURES ARE 


BBeoas TEMP 


{5 oe 76 

tb Oe 1 
cau oe 7K 
Si oe 78 
Sy (i ne 79 
1% tae 79 
10U be OH 
» Has) Swicw 
L5u 5269 
£75 9e 5b 
2UU De 34 
ae 5003 
250 4e75 
50U 4.36 
4GU 3-91 
SUV J fe 
OU 35254 
& UU J« LS 
LUUU 282 
126U ois 


SAL 


Sie 046 
S204 
De e4o 
be e4b 
S22 04t 
2 e4b 
S2e¢4Y9 
SSretal 
Sie 1D 
5326S 
Soe 70 
Don OF 
33-269 
3326S 
jhe /5 
35087 
one A 
34215 
34-24 
54-39 


La 
138-40.UW 


Bi ral 


oot 


OAT 


Lay) 2/712 


GMT 15.2 
254 POINTS TAKEN FROM ANALOG TRACE 


INPUT 
SIGMA SVA 
T 

256465 251.24 
Zoek jodle] 
Coote cule 9D 
25.47 252.0 
CD04 7 2524 
25-47, 252% 5 
20D 2H 2 
eGOealie 146%) 
2oe4/ 158-8 
20-60 oh Val 
20% OG 144.0 
260.66 142,5 
2O.09> .L3GSte / 
Zoe sfSe 16469 
20082 126.4 
26.93 Diop WA 
eaa0ek, L0gaS 
elec 31.0 
Eilie ots (Sie a 
e747 608 


STATION 


DELTA 
2) 


00 

e225 

050 

°/6 
1.26 
1.89 
Ale De. 
Ste 0 
346 
3084 
“eel 
4.56 
4.91 
5-60 
6-91 
8.12 
9.224 
lei ce 
12.92 
14.39 


10 


POT. 

EN 
00 
eO1 
°US 
Po ly 
032 
©72 
1.29 
Le pe 
2047 
3210 
3279 
4.57 
5Se4l 
yp Poe 
12.00 
17353 
23281 
afaeo 
5342 
69.91 


SOUND 


1475. 
1475. 
1475. 
1475-6 
1476 e 
14766 
14766 
147i 
1474. 
1474. 
1474. 
1473-6 
1472. 
1471. 
1471. 
1473. 
1475-6 
1477. 
1479. 


BU 


DB 


OO 
ae 


PRESSURE ; 


Z40 


ESRI IRIE 5 
4 s) Le 


49-26.0 N 136-40. W 


MO y2 DA he GHTS 2S 


De he 34 
SALINITY, 70 


39D 


GEE SHORE OCEANOGRAPHY GROUP 


REFERENCE NO. 
POSITION 
ees Oe oul 


19= 1-#f/2 
4UG=—2oeONe 136-40 .uU¥ 
CAST 
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